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THilliam Hallock Park' 
1863-1939 


When a man like William H. Park dies, something is irretriev- 
ably lost which far transcends the contributions which he might 
still have made to his science. There is built up, in the course of 
the lives of men of his kind, an accumulated judgment, a penetra- 
tion and a view of professional standards which together consti- 
tute a personality—unique and entirely individual. Among 
the distinguished men of the generation which founded modern 
bacteriology in our country—a group which included preém- 
inently Theobald Smith, Vaughan, Ricketts, Buxton, Dunham, 
Flexner and some others—Park stood out as the one who par- 
ticularly carried his efforts toward the public health application 
of bacteriological methods. Trained at the College of Physicians 
and Surgeons in New York and looking forward to a career of 
medical practice, his interests were turned to bacteriology by a 
sojourn in Vienna, where the young science was growing into the 
varly years of its Golden Age. Returning to New York, Park 
became associated with T. M. Prudden, one of the first in our 
country to develop bacteriology as a separate discipline in a 
medical school, and Hermann M. Biggs, to whose vision New 
York state was to owe its sound public health development. 
It is no small testimony to the wisdom of these men that they 
selected Park as the organizing director of the New York City 
Health Department Laboratory. He accepted this position in 
1893 and retained it until 1936, when he became Director 
Emeritus. During these forty-three years of continuous service, 
Park developed a laboratory which stands as a landmark in the 
history of public health organization and which served for a long 
time as a model for other city and state institutions. His genius 


President, Society of American Bacteriologists, 1912. 
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lay particularly in his capacity for combining sound research 
with practical application and in maintaining the public health 
purposes of his work without any compromise in the rigidity of 
scientific standards. By these rare qualities he became a signif- 
icant figure in American public health development, occupying 
in the writer’s opinion—a position analogous to that which his 
distinguished contemporary, Dr. Welch, held in regard to the 
training of academic investigators. 

While his vigilance for the useful application of bacteriological 
discovery led him into wide ranges of inquiry, including milk and 
infantile diarrhea, poliomyelitis, meningitis, scarlet fever and 
tuberculosis, Park’s permanent place in the history of bacteriology 
will rest on his work in diphtheria. In this it is not an exaggera- 
tion to say that, although his contributions were in the direction 
of prevention more than in that of fundamental biology, he ranks 
with Klebs, Loeffler, Behring and Roux. His early studies on 
diagnosis, on the carrier state and—with Biggs—on antitoxin 
treatment, while not original in principle, carried knowledge and 
methods into medical practice in a manner not elsewhere achieved 
at that time. Later, his contributions to antitoxin production 
and purification, and his work on active immunization with toxin- 
antitoxin mixtures mark new epochs in the conquest of the disease. 
Most extraordinary in these accomplishments is the fact that, 
while directing and inspiring studies of this quality, he was able 
to organize mass application on a scale never before attempted. 

The children of America—and of the world, for that matter- 
owe Dr. Park the greatest debt. He gave them clean milk, and 
he protected them from diphtheria. One need not be senti- 
mental, remembering Dr. Park’s gentleness and shy tempera- 
ment, to take particular pleasure in this thought. It may well 
be that this choice of problems was not accidental. 

His heart was in his work on equal terms with his mind. His 
modest words of 1933: “I have done nothing alone’ may be 
taken literally, as they can be for any man who has directed a 
large organization. But this need not obscure the fact that he 
was the one who attracted the unusually able and singleminded 
men and women who worked with him; that his was the inspira- 
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tion; and that his spirit of thoroughness, integrity and good judg- 
ment pervaded the institution he directed. 

Since this is to be read by bacteriologists, it is not necessary to 
speak of his books, his influence on scientific societies, nor of his 
tireless service on committees concerned with the perfection of 
public health organization. Nor need we make a point of his 
public and academic honors, as we might in the cases of lesser 
men. 

Many loved Park, no one envied him and we, who know, take 
warm-hearted pride in the things we owe him. He was one of 
that small group who brought modern bacteriology to America; 
and he died, still in the first rank, still keenly interested and 
untired, one of those happy few who were destined never to know 
old age in the sense of intellectual retirement. All of his work 
was important, some of it of permanent value in the records of 
our science. And the example of his kindness, integrity and 
intelligent modesty will continue to set standards in many 
laboratories as long as any of those of us who were among his 
pupils may survive him. 

HANS ZINSSER. 























FACTORS GOVERNING THE DEVELOPMENT OF VARIA- 
TIONAL STRUCTURES WITHIN BACTERIAL 
COLONIES 


LAWRANCE E. SHINN 


The Western Pennsylvania Hospital, Institute of Pathology, Pittsburgh, Pao 
Received for publication December 15, 1938 


During the past twenty years the concept of bacterial dissocia- 
tion or dissociative variation has grown at an increasingly rapid 
pace and, by inclusion of many of its pertinent features in current 
textbooks of bacteriology, it has at last gained admission to the 
society of legitimate subjects for investigation. While theories 
regarding the significance of variations have appeared from time 
to time, it has not yet become possible to formulate in precise 
terms an acceptable explanation of many of the every-day 
variation phenomena common to many species and families of 
bacteria and familiar to every student of the subject. The author 
wishes to call attention to this point by presenting an organized 
view of one small aspect of the problem, namely, certain varia- 
tional structures known as ‘‘wedges,”’ “‘sectors,’’ or ‘‘outbursts’’ 
and secondary colonies. These structures are intimately asso- 
ciated with the mechanism of colonial variation. 

The value of the colony as a tool in variation studies can hardly 
be overemphasized. The current accepted classification of 
M, 8S, R and G? phase cultures is in itself largely based on quite 
distinctive colony characteristics. Therefore many variants 
are most readily detected by observation of colonies. More- 
over, the existence of macroscopically visible areas of culture 
differentiation in dissociating colonies is highly important be- 

? Ralph R. Mellon, Director 


? Mucoid, smooth, rough and gonidial, the four primary colony types common 
to a great variety of species. 
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cause it makes possible the employment of a procedure of great 
value in variation studies, namely, selection. 

Confining our attention to the case where variation takes place 
in the form of differentiated areas within the parent colony rather 
than appearing fully developed as isolated colonies of pure 
phase, we can classify the areas of variation into four types on 
the basis of their form and the manner of their development. 

A. Wedges or sectors, which are more or less triangular areas 

with the apex directed toward the center of the colony 
and the body extending to the margin (fig. la). 

B. Outbursts, which resemble wedges except that their outer 
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border extends for some distance beyond the margin of 
the colony and spreads laterally after doing so (fig. 1b). 

C. Islands, which are isolated areas within a colony. They 
are usually elongated in the direction of the colonial 
radius, a form which suggests the nature of their origin 
as will be shown later (fig. 1c). 

D. Secondary colonies, which are small colonies appearing on 
the surface or sometimes deep within the body of the 
parent colony usually late in its life. These colonies 
frequently represent a culture phase of lower order.’ 


* That is to say, a mucoid secondary on a smooth colony or a smooth or mucoid 
secondary on a rough colony. 
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VARIATIONAL STRUCTURES IN BACTERIAL COLONIES ‘ 


They are in general quite small in proportion to the 
parent but sometimes eventually overgrow the original 
colony area. 

In attempting to explain these forms on some unified basis, 
one may start with the basic assumption that all of these variant 
areas are derived from an initial variant cell whose distinguishing 
characteristics are transmitted to, and retained by, its progeny. 
In the case of all except the secondary colony, it may be further 
assumed that this variant cell appears at or very near the pe- 
riphery, for it is hardly reasonable that development from such 
a cell originating deep in the colony mass could ever manifest 
itself by wedge formation. To do so it would need to destroy 
or forcibly displace a great bulk of parent cells by an unusual 
degree of growth energy and cohesion, under conditions hardly 
favorable for active growth. The problem of the origin of the 
variant does not concern our present subject. 

With these preliminary statements the question may be defined 
in terms of the relative growth rates of the parent and the variant, 
once it has appeared. Referring to this rate for the variant as 
G, and for the parent as G, we may form the ratio G,/G, which 
expresses the relative rates. This notation will be a convenience 
in the discussion to follow. It must be clearly understood that 
in applying the term “‘rate of growth”’ to a colony we mean some- 
thing quite different from the same term as applied to a fluid 
culture. In a fluid, growth may be taken to refer to increase in 
cell mass or to increase in number of organisms. In the present 
sense, dealing with plate cultures, it means neither of these 
specifically but rather denotes an increase in the amount of 
surface occupied in unit time. Obviously, this depends in part 
upon both the multiplication rate and mass increase factors; 
but it is in addition highly dependent upon cell morphology and 
the presence of extracellular substances, both of which are 
commonly affected by variation.‘ 

‘It should be fairly clear that a form composed of short cells which separate 
completely and lie at all angles to one another will extend less rapidly than will a 
form composed of filamentous structures which tend to grow for some distance in 


a given direction. The end result in such cases would be for the short form to 
pile up in deep masses, whereas the filamentous form would develop to a thin 
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The ratio G,/G, may, of course, be equal to, less than, or 
greater than 1. Applied to wedges this has the connotations 
referred to below: 

(A) If G,/G, is equal to 1, then the wedge will be straight sided 
and the sides will be the radii of the colony tangent to the initial 
cell. The angle will be governed by the distance of the apex from 
the center, being smaller as this distance is greater. When 
arising in colonies of macroscopic dimensions the wedge would 
be very narrow indeed and in the usual instance would not 
be detectable. This dependence upon the distance of the 
varying cell from the center of the colony can be readily seen by 
consideration of the simplified case of a colony composed of a 
single layer of cells in which growth is restricted to the marginal 
cells. If the variation takes place in this colony at a time when 
the periphery has N cells, then in the ideal instance the wedge 
will always include 1/N of the circumference. Obviously if the 
variation occurs at the first cell division the resulting wedge will 
include half the colony; if at the second division, it will include 
one quarter. The negligible character of any wedge (G,/G, 
equal to 1) occurring at the period of colony development when 
variants usually arise is demonstrated by postulating a 5 mm. 
colony of a coccus whose diameter is about 3 microns. If, at 
this stage, one cell in the periphery becomes a variant, the 
resulting wedge will under ideal conditions always include about 
0.003 /5z2 of the circumference. At the time when this colony 
has attained a size of 2 cm. the widest part of the wedge would be 
only about 0.01 mm., hardly a detectable portion. 

(B) If G,./G, is less than one and the variation occurs later 
than the first few cell divisions, then no detectable wedge can 
be produced, for the variant area would be immediately sur- 
rounded and overgrown by the parent colony. We will have 
occasion to refer to this type again. 

(C) If G,/G, is greater than 1, then a detectable wedge may 
form. Here the initial angle is governed both by the magnitude 


veil covering a much larger area with a smaller mass of cell substance and a 
smaller number of cells. Similarly, extracellular substances of a semi-fluid nature 
can aid extension by their tendency to flow or by sheer bulk. 
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of G,/G, and by the distance of the varying cell from the center. 
Obviously in this case there are three possibilities: namely, 
G,/G, can be constant, increasing, or decreasing.’ If the portion 
of the colonial circumference taken up by the variant wedge is 
to increase at a constant rate, the sides of the wedge must exhibit 
a certain degree of outward curvature. If it is to increase at an 
increasing rate, the curvature must be accentuated. If it is to 
increase at a decreasing rate, the curvature must be less than that 
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for the constant rate and may show inward curvature. The 
wedge with straight sides would fall in this latter class. Fre- 
quently this rate of change in the ratio may alter with wedge 
growth, with a resulting change in degree or even direction of 
curvature. Thus, wedges of the type shown in figure 2a may 
arise. The form imparted to the wedge will be modified further 


5 That is, the rate of increase in the proportion of colonial periphery given 
over to the variant can be constant, increasing, or decreasing. 
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to some degree by the fact that whenever G,/G, is greater than 
1 the wedge must extend slightly beyond the colony margin. 
This allows a slight lateral growth of the variant to take place, 
thus accentuating any tendency to outcurve. It appears from 
this that when G,/G, is greater than 1 the form of any variant 
wedge is a complicated problem in conflicting rates even when 
reduced to its simplest terms. 

The outburst can now be defined as an example of G,/G, at- 
taining a value much greater than is ordinarily the case. It is 
interesting to note that the outburst type of growth is marked 
by strong outcurvature of the sides and is, in general, confined 
to rough variants of the chain or filamentous type. This agrees 
with our previous statement regarding the spreading power in- 
herent in this type of cell morphology. The island is then a 
result of G,/G, having a value greater than 1 but decreasing at 
a rate sufficiently great to impart a degree of inward curvature 
to the sides. In the course of such decrease, a critical point is 
reached when the sides become parallel to the radii of the colony, 
for at that point the ratio G,/G, becomes equal to 1 and, if the 
decrease proceeds beyond this point, the wedge will inevitably 
be surrounded, and an island will be formed (fig. 2b). This type 
of development accounts for the elongation mentioned earlier. 

There is no reason for assuming that it is not possible for a 
carryover to take place through a reversal of this process. As- 
suming an initial variation with G,/G, equal to or only slightly 
greater than 1, then variant cells could develop within the 
growing parent colony as a very narrow wedge which might or 
might not be detectable. At a later time a marked increase in 
the value of G,/G, would result in an outburst (fig. 2c). Such 
a process is common in Friedlinder’s bacillus. 

Secondary colonies could be produced in a similar manner. 
In all probability the variant cell which is overgrown when 
G,/G, is less than 1 continues to reproduce for some time as a 
buried nucleus in the parent colony mass. In some instances the 
growth from this variant may break through and appear on the 
surface when the G,/G, ratio becomes favorable at that point.*® 


* There would be, in fact, greater opportunity for the shift in ratio to take 
place in the central areas where secondary colonies usually arise than near the 
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It is highly probable that there is an additional mode of secondary 
colony formation. This is the production of variant cells, not 
in the actively growing margin, but in the older parts of the 
colony. In such an instance the restraining effect of the G,/G, 
ratio would still apply but with one modification, namely, that 
even with a favorable ratio, the only remaining degree of freedom 
is upward. Hence any variant produced under these conditions 
and having a ratio G,/G, greater or becoming greater than 1 
must form a secondary colony. Secondary colonies arising from 
the germination of spores formed by the parent would be of this 
type. Rarely, secondary colonies may burrow downward and 
into the medium at the floor of the parent colony. When the 
parent is sufficiently transparent, secondary colonies with a ratio 
less than 1 may be observed as nuclei, although they may never 
emerge sufficiently to permit their being subcultured. 

There exists one peculiarity of certain types of wedge which 
deserves mention as an illustration of a modifying influence that 
must be taken into account. In the S wedge appearing in M 
colonies of Friedlinder’s bacillus the margin of the wedge will 
usually be notched (fig. 2d). This indicates that the S growth 
immediately adjacent to the M growth is being stimulated so that 
in these regions G,/G, is greater than in the central portion of 
the wedge. Such stimulation by the proximity of other growth 
is by no means unknown and would help to clarify the fact that 
frequently the parent form shows a greater spreading rate 
than the variant when the two are studied as isolated colonies. 

At times the dissociative process may become hyperactive with 
the result that a multitude of wedges may appear in the same 
colony at nearly the same time. If carried far enough, this can 
result in fusion and complete transformation of the border to the 
variant form. Similarly, the arising of many simultaneous 
secondary colonies can result in a ring of variant growth which 
may surround the parent when the dissociation is only slightly 
submarginal in origin. The effect of various modifications of the 
medium (pH, salts, sugars, etc.) in favoring or retarding colonial 
dissociation has received considerable study. As a rule the 


growing margins, for it is here that the parent form will suffer most inhibition 
from its own products of metabolism. 
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assumption has been made that these factors acted through their 
influence on the production of the initial variant cell. In the 
light of the discussion in this paper it would seem plausible that 
this may not be the whole answer and that the effect of these 
modifying influences on the G,/G, ratio must be given careful 
consideration. Other environmental factors such as tempera- 
ture, light and degree of aerobiosis should be accorded similar 
attention, for, as has been seen, a very small change in ratio 
could, under critical conditions, make all the difference between 
detectable and still-born variants. What answer would result 
from an experimental investigation from this point of view 
remains to be seen. 

The analysis which has been presented here is primarily one of 
academic interest. Two deductions can, however, be made if 
the foregoing is correct. 

1. There should exist a class of variants which we can hope 
to obtain only rarely and with difficulty by the method of selec- 
tion from differentiated areas of dissociating colonies. These 
would be such forms as have a ratio G,/G, consistently less than 
1. This class might, on the other hand, manifest itself readily 
under other growth conditions such as in fluid culture. Such 
variants should be unstable in the colonial state and should 
produce with relative frequency wedges of reversal forms. 

2. It is well known that, as a result of encouraging colony 
dissociation, it is relatively easy to transform M forms to 8S and S 
forms to R, but that the reversal of this process by the same 
technique is frequently impossible. Furthermore, when it can 
be attained, the reversal is generally accomplished by secondary 
colony formation rather than by wedge formation. In liquid 
culture, on the other hand, where the organisms are dispersed, 
such reversals are obtained with relative ease even when they 
are impossible in colony development. The concept of relative 
growth rates as governing wedge formation would clarify this 
situation; for, if M dissociates to S and § dissociates to R with 
ease in the colony, we would need to assume G,/G,, and G,/G, 
to be greater than 1 under these conditions. Then G,/G, and 
G,,/G, would tend to be less than 1, and under similar conditions 
wedge formation would hardly be expected. 











EFFECT OF CARCINOGENIC AND OTHER 
HYDROCARBONS ON THE GROWTH OF 
ESCHERICHIA COMMUNIOR 


SAMUEL H. HOPPER anv DANIEL B. CLAPP! 


Massachusetts Institute of Technology, Cambridge 
Received for publication December 29, 1938 


In previous work from this laboratory (Goldstein, 1937) it was 
shown that methylcholanthrene and 1,2,5,6 dibenzanthracene 
accelerate the rate of reproduction of Escherichia communior, 
while phenanthrene does not. The following report deals with 
the microbiological test of these hydrocarbons, the details of 
preparation of their colloidal solutions, and the extension of the 
method to other compounds. 

A survey of the recent literature indicates that the stimulating 
effect of carcinogenic compounds on the cellular activities of the 
lower organisms is being actively studied. 

Using 1,2,5,6 dibenzanthracene and Obelia geniculata Reimann 
and Hammett (1935, a) reported that more new hydranths were 
formed in the test than in the controls. Of the several expres- 
sions of developmental growth, proliferation was accelerated and 
differentiation and organization tended to be enhanced. The 
same authors (1935, b) found new growth production from 
anlagen to be greater with methylcholanthrene than in controls. 
They conclude that the carcinogenic agents specifically stimulate 
the very earliest phases of growth. 

The morphology and growth of yeasts are profoundly affected 
by methylcholanthrene according to Dodge and Dodge (1937) 
with the production of giant cells and increased differentiation 
of cells within the colony in cultures of Saccharomyces ellipsoideus 

1 Joint contribution no. 143 from the Biological Research Laboratories and 


no. 186 from the Research Laboratory of Organic Chemistry at the Massachusetts 
Institute of Technology. 
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Hansen. Total dry weight and fermentation were increased 
approximately one-third in saturated methylcholanthrene pep- 
tone glucose solution. 

An increase in yeast proliferation of about 50 per cent was 
obtained by Cook, Hart, and Joly (1938) with 1,2,5,6 dibenz- 
anthracene (9 X 10-* molar) while anthracene in the same con- 
centration had no effect. 

Wright and Anderson (1938) apparently show that water- 
soluble oxidation products of 1,2,5,6 dibenzanthracene not only 
increased the weight of mycelium of Fusarium lini in a medium 
composed of mineral salts and glucose, but also gave a more 
rapid utilization of the glucose. The parent hydrocarbon under 
the same conditions was stated to have no effect on the growth 
of this microérganism. 


EXPERIMENTAL PART 
1. Preparation of hydrocarbons and colloidal solutions 


All of the hydrocarbons employed in this study have been very 
carefully purified in order to strengthen the reliability of the 
bacteriological results; details concerning their purification are 
given below. 

The method used for the preparation of aqueous colloidal 
solutions of the hydrocarbons was, in general, that of Boyland 
(1932). However, various modifications were necessary, and 
the exact conditions employed varied somewhat from compound 
to compound. It was found impossible to control all factors 
determining the stability of a solution, since solutions prepared as 
far as possible in the same way often varied greatly in their 
stabilities. One of the main factors affecting stability was the 
degree of purity of the hydrocarbon, impure preparations giving 
more unstable solutions. In all of the preparations the protective 
colloid used was gelatin (Difco Bacto), all of which was taken 
from the same lot in order to reduce the possibility of variations 
in bacteriological growth. Control solutions were prepared from 
distilled water and gelatin alone (0.5 gram per 100 ml.). The 
acetone (Merck’s reagent) employed in making the colloidal 
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solutions was first dried thoroughly with anhydrous sodium 
sulfate and then distilled through a Davis fractionating column. 
Colloidal solutions of each hydrocarbon were prepared at two 
concentrations, 5 mgm. per 100 ml., and 30 mgm. per 100 ml. 
With anthracene and sym-triphenylbenzene, however, only the 
solutions of the lower concentration were stable enough for use. 
A detailed description is given for the preparation of anthracene 
solutions, whereas for the remaining compounds, only differences 
from this procedure are noted. 

1. Anthracene. Anthracene (m.p. 213, Eastman Kodak Co.) 
was freed from the accompanying naphthacene by the method 
of chromatographic adsorption (Winterstein, 1934). Activated 
alumina, finely pulverized under dry petroleum ether, was used 
as the adsorbent. Anthracene (2 grams) was dissolved in one 
liter of ligroin (b.p. 70°-90°); the solution was then passed 
through an alumina-filled tower, 22 cm. long and 2 cm. in diam- 
eter. On concentration of the filtrate, white anthracene showing 
pronounced blue-violet fluorescence was obtained. After three 
recrystallizations from benzene, the product melted at 216 
216.5°.? 

To a solution prepared from 0.5 gram gelatin and 100 ml. 
water, contained in a 400 ml. tall-form beaker, maintained at 
60°, and rapidly stirred, was added through a burette (the tip 
of which was drawn out to a capillary) a solution of 5 mgm. 
anthracene in 15 ml. acetone. The addition required ten min- 
utes, and care was taken that the stream of acetone did not touch 
the walls of the beaker, but that it was directed into the vortex 
created by the stirrer. To remove the acetone, the resultant 
colloidal solution was stirred and heated on the steam bath for 
three quarters of an hour, water being added from time to time 
to replace that lost by evaporation. The solution was then made 
up to 100 ml. The solution gave a slight precipitate after auto- 
claving. 

2. Sym-triphenylbenzene. The substance was prepared accord- 
ing to the directions of Reddelien (1912). The crude product 


? All melting points reported in this paper are corrected. 
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was purified by distillation in vacuo; after six recrystallizations 
from glacial acetic acid, the substance, dissolved in benzene, 
was shaken with dilute sodium hydroxide solution and water, 
dried, and recrystallized from benzene. M.p. 174.6°-174.9°. 

The colloidal solution was prepared in a concentration of 
5 mgm. per 100 ml. as described above for anthracene, except at 
a temperature of 50°. The solution was less stable than the 
anthracene solution. 

8. 1,2,5,6 Dibenzanthracene. The yellow material supplied 
by the Eastman Kodak Co., and also prepared by the method of 
Clar (1929) was freed from the colored impurity, both by the use 
of chromatographic adsorption and also according to the method 
of Cook (1932). By both processes a white product was ob- 
tained, which, after five recrystallizations from benzene, melted 
at 262°-263°. 

For preparation of a colloidal solution of concentration of 
5 mgm. per 100 ml., 10 ml. acetone were employed, 25 ml. being 
used for a concentration of 30 mgm. per 100 ml. The preparation 
was carried out in both cases at 50°, and the acetone solutions 
could be merely poured into the rapidly stirred gelatin solution. 
The solutions of both concentrations were quite stable, only a 
very slight precipitate being formed on autoclaving. 

4. Methylcholanthrene. The method of chromatographic ad- 
sorption did not diminish the yellow color of the product supplied 
by the Eastman Kodak Co. The product was purified through 
the picrate as described by Fieser and Seligman (1936). M.p. 
179.8°—180.3°. 

The colloidal solutions at both concentrations were prepared 
as in the case of dibenzanthracene, their stabilities being of the 
same order. 

5. 1,2-Benzanthracene and Pyrene. These two substances 
were donated by Dr. E. B. Hershberg of Harvard University, 
to whom the authors are deeply grateful. Both substances were 
very pure, the benzanthracene melting at 160.5-161.5°, and the 
pyrene at 155-156°. Colloidal solutions were prepared at both 
concentrations as in the case of anthracene, except at tempera- 
tures of 50-55°. The solutions were very stable. 
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6. Phenanthrene. The Eastman product was vacuum sub- 
limed and recrystallized ten times from ethyl alcohol. M.p. 
99.4-99.8°. 

Colloidal solutions at both concentrations were prepared as 
follows. To the gelatin solution at 75° was added the acetone 
solution of phenanthrene, as described for anthracene. The 
milky mixture was then boiled with vigorous stirring until all 
the acetone had been removed (one-half hour); it was then 
stirred for three hours, during which time the temperature was 
gradually lowered to that of the room. If the solution was 
allowed to cool down rapidly or without prolonged stirring, the 
phenanthrene soon precipitated out. Since phenanthrene is 
liquid at the boiling point of the solution and is hence very finely 
dispersed by the stirring, the solutions so prepared are very 
stable and give no precipitate after autoclaving. 


2. Bacteriological tests 


1. Organism. The organism used was a strain of Escherichia 
communior isolated at the Massachusetts Institute of Technology 
from feces in 1935. Its growth was excellent in the medium 
described below with the production of acid and gas in sucrose. 

2. Medium. To make one liter, 5 grams each were taken of 
sodium chloride, sucrose, di-ammonium hydrogen phosphate, 
di-potassium hydrogen phosphate, and 2.43 milli-equivalents 
of HCl were added. This was tubed in 10 ml. amounts, plugged, 
and autoclaved at 15 lbs. for 20 minutes. Before autoclaving 
the pH was approximately 7.5; after autoclaving it was approxi- 
mately 7.2. 

For any given quantity of hydrocarbon solution the required 
amount of the salts was added and the medium was tubed and 
plugged in the usual manner. When autoclaving, however, the 
pressure was not allowed to exceed 8-10 lbs. and the time was 
ten minutes. Higher pressures and longer time intervals pre- 
cipitated the hydrocarbon out of solution. 

Although not all of the organisms were killed at the low pres- 
sure of autoclaving, resistant spore formers have not interfered 
with the test because the medium was inoculated with a heavy 
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suspension of the stock culture. In every experiment, one tube 
of hydrocarbon medium was kept uninoculated in the incubator 
for two reasons. One was to test the stability of the solution, 
and the other was to determine whether any growth occurred 
during the course of the experiment. The uninoculated tube did 
not show growth in any case, and the amount of precipitation of 
hydrocarbon varied. Only those experiments are reported in 
which the hydrocarbon solutions were relatively stable. Thus, 
for any test the only difference between the control and experi- 
mental media was the presence of the hydrocabron in the experi- 
mental tubes. 

3. Inoculation and samples. After autoclaving, the tubes 
were cooled to 37°C. and each tube was inoculated with 0.1 ml. 
of a 24 hour culture in the medium used for daily transplants. 
All of the tubes were incubated at 37°C. and at desired time 
intervals duplicate tubes were removed. Their contents were 
pooled by mixing back and forth twice, and two ml. were taken 
with a volumetric pipette. The sample was placed in a sterile 
8 oz. common narrow mouth bottle containing about 25 five- 
millimeter glass beads. After the addition of a sufficient amount 
of thionin blue in phenol to dilute the sample, a sterile rubber 
stopper was put in the bottle, and the sample was vigorously 
shaken to break up the clumps of organisms. Repeated samples 
were taken and counted as described below. 

The dye solution consisted of a saturated solution of thionin 
blue (National Aniline Co. C.I. no. 920) in reagent alcohol diluted 
one to twenty in 1 per cent aqueous phenol. Thus to make one 
liter of dye solution take 950 ml. of distilled water containing 
ten grams of phenol and add 50 ml. of a saturated alcoholic 
solution of thionin blue. 

4. Counting. A Petroff-Hausser counting chamber was used 
and any 200 squares were counted, using a 4 mm. 45 x objective 
and a 15x ocular to get a total magnification of 675x. The 
cover glass was an optically plane glass 20 X25 mm. and 0.18 mm. 
thick. A dilution of the culture which gives about six bacteria 
per square is advised by Glynn and his coworkers (1913-14), 
and it is suggested that one should allow 15 minutes to elapse 
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before making the count in order that the bacteria may settle. 
A total count is then made. 

The counting chamber was previously washed with soap and 
water, then with reagent alcohol, and was rinsed and dried thor- 
oughly before a sample was counted. 

Counts of the numbers of organisms per square were made in 
order to determine their distribution in the counting chamber at 
various dilutions. About 6 to 7 bacteria per square gave a 
Poisson type of curve, indicating that the distribution was 
uniform at that dilution. 

5. Graphs. Certain variables in the experimental procedure 
should be noted at the outset. The amount of growth of the 
test organism per unit time will vary with the amount of inoc- 
ulum, and this varies from day today. Consequently an absolute 
control growth curve to use as a basis of comparison for all of 
the hydrocarbons cannot be presented since the work was done 
over an extended period of time. Each control test was done on 
the same day as the experimental one and under identical con- 
ditions. The accompanying graphs of the total direct counts of 
the test organism summarize the results of experiments with the 
seven hydrocarbons mentioned above. 

Graph 1 shows that the rate of reproduction of E. communior 
in the presence of 1,2 benzanthracene is practically the same as 
in a control solution. On the other hand, the accelerating action 
of 1,2,5,6 dibenzanthracene on growth in numbers is clearly 
shown in graph 2. The amounts inoculated into control and 
experimental cultures are almost identical, and the growth curves 
are alike until about the eighth hour. At this point the curves 
diverge and the difference in number of organisms in the hydro- 
carbon and control cultures increases with time. With solutions 
containing 5 mgm. per 100 cc. of dibenzanthracene, preliminary 
tests indicate that the growth may be increased, but that the 
difference occurs at a later period in the growth curve. 

Similarly, methylcholanthrene increases the number of organ- 
isms as shown in graph 3. The amounts of inoculum in control 
and experimental cultures are reasonably alike, and the curves 
are parallel until about the ninth to tenth hour of growth, after 
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which the curves diverge. The magnitude of increase in growth 
is comparable to that shown in the preceding graph. 

Graph 4 illustrates the absence of any effect on growth in num- 
bers with phenanthrene. The control and experimental curves 
are smooth and may be considered as identical. Repeated tests 
with phenanthrene at later hours of growth than are shown in 
the diagram gave the same results. 

Anthracene has no effect on growth, as shown in graph 5. 
The hydrocarbon solution in this instance had 5 mgm. per 100 
ml. of anthracene. Higher concentrations gave unstable solu- 
tions. The growth curve for pyrene in graph 6 is identical with 
the control. In this case the hydrocarbon solution contained 
only 5 mgm. per 100 ml., but higher concentrations were also used, 
and these gave the same results. Finally, graph 7 shows the 
absence of any effect with sym-triphenylbenzene which was used 
in the same concentration as anthracene. 


DISCUSSION AND SUMMARY 


The differences between the activities of single cells and tissue 
cells are well recognized, and consequently these investigations 
were begun with recognition of the desirability of rigorously 
testing the hypothesis that compounds which are carcinogenic 
in animal tissues might also cause single cells to reproduce quickly. 
The experimental evidence indicates a high degree of correlation 
between carcinogenicity of compounds and stimulation of bacte- 
rial reproduction. 

That the increased numbers of organisms observed is not due 
to too large an inoculum is clearly evident from graph 2, for 
example, where the amounts of inoculum in control and experi- 
mental cultures are almost exactly the same. The amount of 
increase in the stimulated cultures is not quantitative in the 
sense of being absolute, but in repeated tests, the results are 
highly comparable on a qualitative basis. 

The mechanism by which the carcinogenic compounds ac- 
celerate the growth of the test organism is quite obscure at 
present. Further data must be obtained on some of the more 
important factors involved in the reactions. Thus the amount 
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of sugar utilized per unit time should be studied, as well as the 
action of dehydrogenases, the importance of aerobic versus 
anaerobic conditions, and the kinds and amounts of products 
formed. 

It may be of interest to note that in the experiments with 
1, 2, 5, 6 dibenzanthracene and methylcholanthrene a large 
amount of gas was observed at about the eighth to tenth hours of 
growth in the experimental tubes. There was little or no gas in 
control cultures at the same stage of growth. 


CONCLUSIONS 


1. An increase in the numbers of cells of Escherichia communior 
can be induced by the carcinogenic compounds 1, 2, 5, 6 diben- 
zanthracene and methylcholanthrene in a concentration of 0.3 
milligram per ml. respectively. 

2. Under the conditions of the experiment the number of 
organisms in cultures of Escherichia communior is not increased 
by any of the following compounds: 1, 2, benzanthracene, phe- 
nanthrene, anthracene, pyrene, and sym-triphenylbenzene. 
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In a paper dealing with the nutrition of the propionic-acid 
bacteria Wood, Andersen, and Werkman (1938) report that one 
species Propionibacterium pentosaceum (49W), can be “‘trained”’ 
to grow as well in the absence of vitamin B, as in its presence. 
Their data show that adaptation occurred after continuous serial 
transfer in an ammonium sulfate medium containing only ether 
extract of yeast extract as a stimulant; the organism gradually 
acquired the ability to dispense with vitamin B;. They did not 
determine whether the organism, “‘trained”’ to dispense with the 
vitamin, acquires the ability to synthesize it, or whether its 
metabolism is diverted so that the vitamin is no longer required. 
The present study was undertaken to determine which of the two 
possibilities occurs. It has been found that the organism ac- 
quires the ability to synthesize vitamin B,. A bacteriological 
method of assay of vitamin B, employed in the study is also 
described. 

EXPERIMENTAL 
1. Method of assay 


The present authors (1938) have shown previously that the 
addition of vitamin B, to cells of P. pentosaceum which had 
been grown in the basal medium of Tatum, Wood and Peterson 
(1936) in the absence of the vitamin, resulted in an almost im- 
mediate increase in their anaerobic pyruvate metabolism as 
judged by the evolution of CO.. The assay to be described is 
based on the application of the above observation. 
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The stock culture of P. pentosaceum was grown on a medium 
consisting of the following: Glucose, 1 per cent; Yeast extract 
(Bacto), 0.3 per cent; Peptone (Bacto), 0.2 per cent. It was 
transferred daily, 4 drops of inoculum being transferred to 25 ml. 
of the above medium. The incubation temperature was 30°C. 

The basal medium of Tatum, Wood and Peterson (1936) was 
employed together with cystine and hydrolyzed casein as follows: 
Glucose, 1 per cent; Sodium acetate, 0.6 per cent; Ammonium 
sulfate, 0.3 per cent; Cystine, 0.0050 per cent; Hydrolyzed 
casein, 0.075 per cent; Ether extract of 3 grams yeast extract 
per 100 ml., Speakman’s salts in half concentration. 

Three hundred ml. of the above were placed in 500 ml. flasks 
and also 25 ml. and 5 ml. portions tubed. 

In preparation for a vitamin B, assay the actively growing 
cells of P. pentosaceum from 25 ml. of the yeast-extract peptone 
medium were aseptically recovered by centrifugation, washed 
twice with two 10 cc. portions of sterile distilled water and re- 
suspended in 5 cc. of sterile water. One drop of this suspension 
was used to inoculate a 5 ml. portion of the basal medium of 
Tatum et al. (1936). This culture was incubated 24 hours at 
30°C. and at the end of that time the centrifuged cells washed 
with 10 ml. of sterile water, resuspended in 5 ml., and the entire 
contents used to inoculate a 25 ml. portion of the basal medium. 
This in turn was incubated for 24 hours at 30°C. and, after wash- 
ing in 10 ml. of sterile water, was employed as an inoculum for 
300 ml. of the basal medium. The contents of the flask were 
incubated for 72 hours at 30°C., the cells obtained were washed 
twice in distilled water, and then employed as test organism for 
a manometric assay of vitamin B,; The second washing was 
carried out in a 12 ml. graduated centrifuge cup and the volume 
of cell paste was recorded after 20 minutes centrifuging at about 
1900 r.p.m. Cells of P. pentosaceum can be readily recovered 
by centrifugation. 

The cell paste obtained from a single flask of medium was 
made up to 12 ml. with M/15 phosphate (pH 5.6) and 1 ml. of 
this suspension was placed in the main vessel of each Warburg 
cup. Nine milligrams of pyruvic acid as sodium pyruvate were 
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employed as a substrate and placed in the side arm. Varying 
amounts of vitamin B, contained in a volume of 0.1 ml. of water 
were added to the cells in the main vessel. After shaking in the 
water bath at 30°C. for 30 minutes, the contents of the side cup 
were tipped into the main vessel and readings taken. ‘The at- 
mosphere was nitrogen, from which any oxygen had been re- 
moved by passage over hot copper. The total volume contained 
in the cups was in all cases 2.3 ml. Simple Warburg manometers 


TABLE 1 
Effect of varying vitamin B, concentration on anaerobic pyruvate metabolism of 
P. pentosaceum 








GAMMAS VITAMIN B; ADDED 


EXPERI- | YIELD OF pees 
MENT CELL 0 | 0.25 | 0.125 0.0625 0.0312 0.0156 0078 .0039 002 
NUMBER PASTE ! 
| CO: evolved, mm? 


Part 1 
1 0.50 42 | 366 | 338 | 305 157 113 S5 57 56 
2 0.50 40 | 375 | 333 | 253 198 111 84 65 53 
3 0.48 48 | 351 | 316 | 263 176 123 98 69 59 
4 0.48 46 | 353 | 206 | 249 199 102 98 76 63 
5 0.49 43 | 354 | 314 | 247 193 122 98 72 62 
6 0.50 40 | 348 | 317 | 253 169 147 84 66 Bb 
7 0.45 58 | 319 | 287 | 235 171 107 81 79 64 
Part 2 
ll 0.54 | 50 | 202 | 254 217 135 105 84 74 66 
12 | 0.50 | 55 | 300 | 265 | 238 146 114 87 66 66 
13 0.51 68 300 278 235 147 114 104 57 51 


14 0.52 69 293 273 246 145 110 90 62 62 
15 0.49 46 297 | 269 211 146 104 S4 79 65 
16 0.50 40 | 322 | 290 | 249 166 112 


were employed and the details of the manometric technique used 
is described by Dixon (1934). 

Results of several runs at various times are shown in table 1. 
The cells employed in part 1 of the table were grown in a medium 
containing ether extract of yeast prepared separately from that 
used in part 2. The results shown were obtained at the con- 
clusion of a 24 hour run and are corrected for endogenous CO, 
production. 
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The results show that the response of cells grown in the manner 
described to the addition of varying quantities of synthetic 
vitamin B,' is sufficiently consistent to warrant its use in the 
assay of the vitamin. A fairly accurate approximation of the 
vitamin content of a material may be obtained if extracts are 
tested in several dilutions with their vitamin content within the 
range of the test described. 

The manometric determination described is affected neither 
by the presence of the pyrimidine? or thiazole* fraction of 
vitamin B, nor by nicotinic amide in the amounts tested (up to 
10 gammas). 

As two advantages of this method over animal assays may be 
mentioned, the short period actually involved in the assay (about 
4 hours including 2} for the manometric run) and the small 
amount of material required for a single assay, 0.025 to 0.05 
grams of dried bacterial cells being sufficient for an assay. 

Other methods employing microorganisms which have been 
described in the literature are the growth tests of West and 
Wilson (1938) who used Staphylococcus aureus and of Schopfer 
and Jung (1936) who used the mold, Phycomyces blakesleeanus; 
a fermentation test with yeast as the test organism has been 
described by Schultz, Atkin and Frey (1937). 


2. Adaptation of P. pentosaceum to synthesis of vitamin B, 


Cultures of P. pentosaceum which had been carried on the basal 
medium, described earlier, for (1) only a few transfers and (2) 
until they had been “‘trained’’ were compared as to their vitamin 
B, content and their activity on pyruvate. It has already been 
shown (Silverman and Werkman, 1938) that the vitamin is 
essential in the anaerobic pyruvate metabolism of this group of 
organisms. 

A transfer of the organism was made from the yeast extract- 
peptone medium after washing twice, to the basal medium of 

1 Kindly supplied by the Winthrop Chemical Company. 

? Pyrimidine fraction = 2 methyl 5 bromoethyl 6 aminopyrimidine hydro- 
bromide. 


* Thiazole fraction = 4 methyl 58 hydroxyethylthiazole. 
‘ Kindly supplied by Merck and Company. 
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Tatum, et al. (1936). It was carried through eight transfers, 
using only a single drop as inoculum, into 5 ml. portions of me- 
dium; in the ninth transfer the cell contents of the 5 ml. portion 
were used to inoculate 25 ml. of the basal medium; and in the 
tenth transfer, the entire cell contents of the 25 ml. portion were 
used to inoculate 300 ml. of medium. The cells were not washed 
during the transfers on the basal medium. 

In a manner similar to the above, a culture taken from a yeast- 
extract peptone medium was carried through three transfers on 
the basal medium—from 5 ml. to 25 ml. to 300 ml. Here, and 
in the above, transfers were made at 24-hour intervals and the 
300 ml. portions were incubated for 72 hours. Hereafter, the 
cells carried ten transfers on the basal medium lacking vitamin 
B, will be referred to as “‘trained’’, those carried only three trans- 
fers, as “untrained.”” It was found that cells of P. pentosaceum 
after passing through three transfers show a marked depletion of 
vitamin B,; however, by the tenth transfer the ability to syn- 
thesize the vitamin is definitely manifested. 

In comparing the yield of cell material from 300 ml. of medium 
we find that we obtain twice the volume of the “trained’’ cells 
in comparison to the “untrained.’”’ Wood, Andersen and Werk- 
man (1938) have already indicated the increase in acid production 
from glucose as the organism becomes adapted. 

Both the “trained” and “untrained”’ cells were assayed for 
vitamin B, content. Extracts from cells which had been dried 
in a vacuum desiccator at room temperature for 24 hours were 
prepared by suspending 0.1 gram of dried cells in 5 ml. of water, 
the suspension kept in a boiling water bath for 5 minutes, and 
then clarified by centrifuging. The supernatant fluid was then 
assayed for vitamin B,;. By taking the average value found for 
several dilutions of both the ‘‘trained’’ and “‘untrained’”’ cells we 
find the “‘trained”’ cells have a vitamin B, content of 6.25 gammas 
per gram of dry cells and the “untrained” cells contain but 
0.40 gamma per gram of dry cells. The extraction of the vitamin 
with water was, of course, incomplete; but aqueous extraction 
should remove comparative amounts of the vitamin and so justify 
the comparisons made. 

Since such a large difference in vitamin B, content of the 
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“trained” and “untrained”’ cells exists we should expect a cor- 
responding difference in the pyruvate metabolism of the cells, 
inasmuch as the vitamin is essential in biological pyruvate break- 
down. This assumption is borne out in figure 1. The “un- 
trained”’ cells show almost no activity on sodium pyruvate; the 
“trained” cells show almost a maximum anaerobic pyruvate 
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Fic. 1. CoMPARISON OF THE ANAEROBIC Pyruvate METABOLISM OF ““TRAINED”’ 
AND “‘UNTRAINED’’ CELLS OF P. PENTOSACEUM 
Cells, 1 ml. of 1:20 suspension (by vol.) in M/15 phosphate, pH 5.6. Substrate, 
9 mgm. pyruvic acid. Atmosphere, nitrogen. Temperature, 30°C. Total vol- 
ume, 2.3 ml. Vitamin B, added directly to cell suspension. 


metabolism judging from the slight increase on addition of 0.25 
gamma vitamin B;. The addition of 0.25 gamma of the vitamin 
to the ‘‘untrained”’ cells increases their metabolic rate to sub- 
stantially that of the “trained’’ cell suspension containing added 
vitamin B,; indicating that at least so far as the anaerobic pyru- 
vate metabolism is concerned, the “‘trained”’ cells differ from the 
“untrained” only by having a higher vitamin B, content. 
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Table 2 recapitulates the differences found in a single series of 
experiments in which the “‘trained”’ and “untrained”’ cells were 
compared. 

The finding that P. pentosaceum can be trained to synthesize 
vitamin B, is somewhat similar to the report of West and Wilson 
(1938a) that Rhizobium trifolii in a purified basal medium can 
also synthesize the vitamin in quantities to permit normal growth; 
however, this apparently is not a case of adaptation; for to initiate 
growth, a trace of the vitamin is required, after which the cells 
bring about its synthesis. 

The mechanism of adaptation may be that of mutation and 
subsequent selection, or the development of the vitamin B, 


TABLE 2 
Comparative yields of cells, their vitamin B, content and anaerobic 
pyruvate metabolism 


YIELD OF VITAMIN B; ANAEROBI 
ee CONTENT PER GRAM PYRUVATE 
war cana DRY CELLS METABOLISM 
ml, gamma mm! COs/hr 
‘*Trained”’ cells 1.15 6.25 120.3 
“Untrained”’ cells 0.50 0.40 15.2 
. ‘“‘trained’’ SP _ 
Ratio - 2.3 15.6 7.9 





“untrained” — 


synthesizing enzyme system within the original cell, or perhaps, 
the utilization of a latent mechanism which was always present 
in the cell, but employed only under stress, i.e., in the continued 
absence of vitamin B; Which mechanism it is, however, cannot 
be stated at the present time. 


SUMMARY 


1. A technique for the assay of vitamin B, is described which is 
based on the increased anaerobic pyruvate metabolism of vitamin 
B,-deficient cells of Propionibacterium pentosaceum occurring on 
the addition of the vitamin. 

2. Propionibacterium pentosaceum if transferred continuously 
on a basal medium free of vitamin B, can be “‘trained”’ to syn- 
thesize this vitamin to satisfy its growth requirements. 
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The general properties of this compound have been evaluated 
rather extensively in other reports. The reported phenol co 
efficients are as follows: 150 at 20°C. (Maier and Miller, 1936), 
279 at 20°C. (Dunn, 1937), and 275 at 37°C. (Heineman, 1937 
respectively for Staphylococe us aureus no. 209 | Jept. ol \griculture 
and 200 at 20°C. (Maier and Miiller, 1936), 250 at 20°C. (Dunn, 
1937), and 176 at 20°C. (Heineman, 1937), for Eberthella typhosa 

Rosenbach) Dept. of Agriculture at the same temperature tested 
by the F. D. A. method. 

Domagk (1935) shows that an aqueous solution of this com- 
pound in a concentration of 1:1,000 can be given by mouth to 
guinea pigs as their only source of fluid for months without ap- 
parent deleterious effect upon their health. These toxicity 
studies indicate that rabbits tolerate 1.2 ml. per kilogram of body 
weight of a 10 per cent solution of the compound, when given 
intraperitoneally or subcutaneously. A solution ranging in 
concentration from 1:2,500-4,000 appears to be safe for use in 
the eye as it was shown to produce little or no reaction, when 
applied repeatedly to the conjunctiva of albino rabbits (fig. 1 
To demonstrate this, the procedure was as follows: 

Of the solution 1:4,000, one half ml. was instilled into the 
conjunctiva of the rabbit and kept there for one minute. Im- 
mediately after, the eve was washed out with saline. For com- 
parison we used a 33 per cent concentration of tincture of iodine 


* Trade name Zephiran 
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which was administered under the same conditions to a second 
animal. Only one application was necessary to produce the 
described effect with the tincture. Severe reactions resulted. 
Within three weeks the animal treated with the tincture of iodine 
showed a completely opaque cornea and severe inflammation 
with discharge of pus existed during most of the period. The 
animals which were treated with the ammonium chloride com- 





hic. 1. Cross Seerron THROUGH CORNEA OF RABBIT 
Alkyl-dimethyl-benzyl-ammoniumehloride 1:4,000 was applied daily for ten 
davs to this eve There is little if anv deviation from the aspect of the normal 
untreated cornea 


pound showed hardly any reaction and the solution was ad- 
ministered daily for 10 days without any ill effects, except slight 
defensive movements of the animal during and after the applica- 
tion which stopped soon after the saline was instilled. After 
three weeks the animals were killed and the bulbi were enucleated. 
After fixation and hardening, the cornea was taken off the bulbus 
and sectioned and stained with Mayer's Hemalaun. The 
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histological examination confirmed the gross anatomical findings, 
namely, no injury to or thickening of the anterior epithelium in 
the case of the ammonium chloride, enormous thickening, fibrotic 
changes and scar tissue formation extending through the cornea 
into the substantia propria in the animal treated with tincture of 


iodine (fig. 2). 





Fic. 2. Cross Secrion THROUGH CoRNEA OF Rappir TREATED wiru TINeTURI 
or loping 34 Per Cen 
One application of tineture of iodine > per cent Was su 
these profound changes in the cornea Mhere is enormous tl ening, hbroti 
changes and scar tissue formation extending through tl t 


stantia propria 


From such studies as these it appeared probable that the ab- 
sence of mercury and phenol radicals and the low toxicity of this 
compound might make it very useful for the preservation of 
biological fluids. In the following, results obtained in treating 
bacteriophage, vaecines and venom solutions with the compound 


are recorded. 
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STAPHYLOCOCCAL BACTERIOPHAGE 


We began with the determination of the germicidal range of 
alkyl-dimethyl-benzyl-ammoniumchloride. The chemical struc- 
ture of the compound is: 

CH CH 


The alkyl residue (R,) is composed of the radicals CsH,;, 
Ci oHoi, Crobles, CisHes, CieHys, and C)<sHs;, their source being the 
mixture of fatty acids of cocoanut oil in original proportion. The 
product is soluble in water, acetone and alcohol. 

Staphylococcus aureus (Dept. of Agriculture no. 209) was killed 
within and below 24 hours by concentration of the ammonium 
chloride of 1:80,000 to 1:100,000. Tests show that at 30°C, 
these organisms are killed within 10 minutes by concentrations 
of the compound between 1:30,000-35,000. The range of 
inhibition we found to be very large, varving from 1: 100,000 to 
1:800,000. At a concentration of 1:800,000 in the original tube 
after a contact of 24 hours at room temperature, the upper limit 
of bacteriostatic activity has therefore been reached, both the 
original and the subculture tubes showing growth. 

Test tubes containing 10 ml. of bouillon (Difco nutrient) were 
inoculated with 0.5 ml. of a 24 hour broth suspension of Staphylo- 
coccus aureus (Dept. of Agriculture no. 209). The broth con- 
tained the disinfectant in solution in concentrations ranging from 
1:40,000 to 1:800,000. Within 24 hours the tubes were opened 
again and subcultures were made. Table 1 shows the results 
obtained. 

From table 1 it will be noticed that the germicidal range 
reaches up to 1:100,000, the bacteriostatic range from there up 
to 1:800,000, and the inactive range from there on. Marshall 
and Hrenoff (1937) propose the term “disinfectant spectrum” 
for the relative evaluation of disinfectants whose bactericidal, 
bacteriostatic and inactive concentrations have thus been 
determined. 


On the basis of these results, it was decided to choose a dilution 











PRESERVATION OF BIOLOGICAL FLUIDS 37 


of 1:50,000 of the disinfectant in staphylococcal bacteriophage. 
The following scheme was used in these tests: 


1. 10 ml. bouillon plus 0.1 ml. of a 24-hour culture. Growth 
control tube. 

2. 10 ml. bouillon plus 0.5 ml. phage disinfectant mixture. 

3. Same as 2. (Tube three is used in addition to no. 2 tube, as 
there might be in tube 2 or 3 an initial lysis with a secondary 
growth following a short time later. In case there is initial 


TABLE 1 
Test organisms: Staphylococcus aureus. Incubation temperature 87°C. 


Time of contact 24 hours 


ORIGINAL SUBCULTURE 
TUBES TUBES 


RANGE CONCENTRATION 


740 ,000 - - 
:60 ,000 7 = 
780 ,000 a 
> 100 ,000 _— 


Germicidal ( 


~~ ee 
+ 


:200 ,000 re 
7300 ,000 _ 
7400 ,000 _ 
500 ,000 - 
:600 ,000 — 
:700 ,000 - 
7800 ,000 + 


Inhibition { 


t++++4+4 


Inactive 


— no growth. 
+ growth. 


lysis in tube 2 or 3, one of the tubes 2 or 3 can be filtered and 
the resulting phage propagated separately, regardless of the 
outcome in the other tube.) 

4. Sterility Control of Phage. 


After phage lysis had taken place, filtration by Berkefeld N 
followed. The phage obtained was kept in the refrigerator and 
tested at intervals and after preservation with the compound in 
proportion of 1:50,000. After intervals of two and three weeks, 
checks were made, to insure the viability of the phage. The 
longest period so far checked was three months, in which interval 
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the phage had not lost any of its lytic power in the presence of 
the alkyl-dimethyl-benzyl-ammoniumchloride at the concentra- 
tion under test. 


VACCINES 


In the preparation of autogenous vaccines, alkyl-dimethyl- 
benzyl-ammoniumchloride was added to the vaccine to make a 
final concentration of 1:50,000. This concentration was agreed 
upon as previous tests had shown that the germicidal range was 
as high as 1:100,000. 


VENOM SOLUTIONS 


It has been stated (Macht, 1936) that rattle-snake venom solu- 
tions (Crotalus adamanteus) are very unstable, as they are affected 
by heat and rapidly decompose even at room temperature. To 
unaltered venom solutions prepared from dried venom (the venom 
was obtained freshly and frozen and dried rapidly in vacuo and 
over sulphuric acid), was added the ammonium chloride com- 
pound to make a final concentration of 1:50,000. In the same 
way, we treated venom solutions of the cotton-mouth moccasin 
(Ancistrodon mocasen). Over a period of 6 months we have not 
been able to demonstrate loss of toxicity, when tested in mice. 
Fresh venoms tested by intraperitoneal injection of the venom 
gave a minimum lethal dosage of 40-50 gamma for the rattle 
snake and 150 gamma for the moccasin venom in mice averaging 
20 grams. However, such venoms when sterilized by filtration 
through Berkefeld N filters did show an appreciable loss in tox- 
icity, as determined in the mouse test, a loss which probably is 
due to absorption by the filter. To venom solutions the com- 
pound was added in the same concentration, with no apparent 
change or precipitation of protein material. 


DISCUSSION 


As to the significance of such studies, recent investigations, 
(Bronfenbrenner, 1928), have shown that in many respects the 
behavior of the phage toward chemicals is not essentially differ- 
ent from that of enzymes on one hand and from that of viruses 
on the other. Prausnitz and Firle (1924) mention that the 
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adaptation of phage to phenol and mercuric chloride was neces- 
sary. In these studies no perceptible degree of adaptation was 
necessary, to produce bacteriophage in the presence of alkyl- 
dimethyl-benzyl-ammoniumchloride. 


CONCLUSIONS 


A new compound, alkyl-dimethyl-benzyl-ammoniumchloride 
has been studied in reference to its germicidal, bacteriostatic and 
inactive zones in accordance with the term ‘disinfectant spec- 
trum”’ as proposed by Marshall and Hrenoff (1937). The effect 
of this compound in dilutions of 1:4,000 has been studied on the 
cornea of the rabbit by histological methods. Comparisons were 
made with 33 per cent tincture of iodine. It was shown that one 
single application of the iodine tincture was sufficient to destroy 
the cornea completely and produce permanent opaqueness in the 
same. The compound under discussion has been applied to the 
cornea daily for ten days with no consequences. 

A dilution of 1:50,000 in staphylococcal bacteriophage was 
found not to interfere with the reproduction of the phage. Fur- 
thermore, the phage-disinfectant mixture was found to be capa- 
ble of reproduction of new phage after 3 months contact in the 
refrigerator. The same concentration of the compound was 


employed in the preservation of vaccines and venom solutions. 
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At present there is no general agreement among bacteriologists 
concerning the functional significance of the numerous, and often 
striking, cellular variants which can under certain circumstances 
be found in many bacterial cultures. Widely divergent hypoth- 
eses have been advanced to account for their existence, but no 
entirely convincing body of evidence supporting any one theory 
is available. In the investigation reported here the problem was 
approached from the following viewpoints: (1) the appearance 
and development of so-called ‘‘normal”’ cells in favorable environ- 
ments, (2) the manner of formation of variant cells, (3) the destiny 
of variant cells in the environment in which they arise, (4) the 
conditions leading to their production, and (5) their behavior 
when transferred to new and favorable surroundings. 

Bacillus megatherium, strain N. Y. U., was employed through- 
out the investigation, because it shows, under appropriate cultural 
conditions, so many of the cellular and colonial variants which 
have been described in the literature for various bacterial species. 
Furthermore, it is one of the largest of the common bacteria, and 
therefore lends itself admirably to intensive microscopic study. 


MEDIUM AND METHODS 


Plain nutrient broth containing 0.3 per cent Bacto-meat-extract 
and 1 per cent Bacto-peptone and having a final pH of 6.8 to 7.0 


‘This paper covers part of a dissertation submitted by the Senior author 
(Now Instructor in Bacteriology, Albertus Magnus College, New Haven, Conn.) 
to the Graduate School of Yale University in partial fulfilment of requirements 
for the degree of Doctor of Philosophy. 
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was used as the basal medium throughout this investigation. 
When a solid medium was required 1.5 per cent Bacto-agar was 
added to this fluid base. In some instances the nutrient concen- 
tration in the medium was varied, as will be seen later in this 
paper. 

The observations reported here were made on micro cultures, 
the hanging block method of Hill, as modified by Rettger and 
Gillespie (1935), being used for the purpose. The cultures as a 
rule were incubated at 30°C. During long-continued microscopic 
observation the blocks were held at ordinary room temperature, 
since slight variations in temperature did not appear to affect the 
results materially. Serial photomicrographs were made during 
the course of the experiments. A Bausch and Lomb vertical 
type K camera and Wratten and Wainwright metallographic 
plates were employed. 


APPEARANCE AND DEVELOPMENT OF BACILLUS MEGATHERIUM 
CELLS IN FAVORABLE ENVIRONMENTS 


Three cell types were observed in young cultures of Bacillus 
megatherium. Two of these types, “‘normal’’ rods and long fila- 
ments, were also often seen at the peripheries of well-isolated 
colonies when the colonies were many days old. It may be 
assumed, however, that such cells were still developing in a favor- 
able environment, because living conditions continue to be 
favorable at colony peripheries for varying periods of time, 
depending on the amount of unpopulated medium surrounding 
the colonies. ‘‘Normal’’ rods and long filaments are, in reality, 
not sharply defined types; they differ from each other only in cell 
length. All cell-lengths intermediate between the two extremes 
were observed at one time or another in young cultures. Although 
the exact conditions which led to the formation of long filaments, 
instead of shorter filaments or long rods, were not determined, 
there were indications that the relative favorableness of the 
environment was an important factor. During the first few 
hours of growth on fresh, moist, rich media B. megatherium always 
formed extremely long filaments, whereas on drier and poorer 
media the cells were comparatively short. 
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Distinctly favorable conditions appeared to stimulate cell 
growth markedly, whereas they had only a slight accelerating 
influence on cell division. Consequently, cells often became 
extremely long filaments before division took place. The opera- 
tion of the same principle was reported by Rettger and Gillespie 
(1935). They observed that cell growth was influenced more by 
unfavorable conditions than was cell reproduction. Cells con- 
tinued to divide after elongation had practically ceased, and 
coccoid organisms were often produced as a result. According to 
both the earlier and the present observations, coccoid cells and 
long filaments are the two extremes of variations in cell length. 
In other words, cell length appears to be a measure of balance 
between the growth rate and the rate of reproduction. 

A third cell type, the ‘“‘round end balls’”’ reported by Rettger 
and Gillespie in 1935 was also frequently found in young vigor- 
ously-growing cultures. This type of cell appeared to reproduce 
very slowly if at all, and when present was soon hidden from view 
by the rapidly developing rods or filaments in the colony. It was 
seldom seen again in material taken from the colonies after aging, 
having apparently disintegrated. 


THE FORMATION OF FILAMENT BRAIDS OR TWISTS 


In colonies which were composed largely of long filaments a 
peculiar type of “‘braiding” or “‘twisting”’ cells frequently made 
its appearance. Under certain circumstances many groups of 
“twisted” cells appeared around the peripheries of young and 
actively-growing colonies. They developed not only on hanging 
blocks, but also in slant agar cultures and on agar plates. Occa- 
sionally, two or three braided pairs wound themselves together to 
form a thick rope-twist. Pairs of cells were always involved, 
braids made up of three or five filaments never being observed. 
Intertwining cells were ordinarily strongly Gram-positive. 
They were, furthermore, not stained by Congo-red. Similar 
forms have been reported by Jay (1928) and others. Miessner 
(1931) published a photograph which shows twisted cells in a 
culture of Clostridium novyi. 

Because the appearance of entwined filaments suggested con- 
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jugating cells, the manner of their formation was studied further. 
Figures 19 through 23 are photomicrographs selected from a 
series of fourteen which show different stages in the formation of a 
single braided pair. A bent filament (fig. 19) divided in such a 
way that one member of the pair of daughter cells was longer than 
the other. The tips of the two new cells remained attached 
to each other after division by a tough but invisible connecting 
thread. Such threads have been shown to occur between B. 
megatherium cells, and have been referred to as “protoplasmic 
strands” or “‘plasmodesmids.”” Attempts to break up chains of 
B. megatherium cells with micro-needles indicated that the con- 
necting strands are frequently very tough and strong. 

As the longer, and possibly more rapidly-growing, member of 
the attached pair lengthened it approached the other at a slight 
angle and pushed it over and over, causing it to rotate on its long 
axis (figs. 20 and 21), and, so long as the two growing cells remained 
attached, the twisting force of the longer continued to be effective. 
As soon as the link connecting the two cells broke, the inter- 
twining ceased, and the freed tip of each organism grew out as an 
independent individual (fig. 23). As twisted filaments become 
older they segment in the usual manner. The twisting phenom- 
enon described here appears to be dependent upon mechanical or 
physical factors, rather than upon physiological affinities between 
cells. 


THE FORMATION OF BRANCHED, SWOLLEN, POINTED AND GLOBULAR 
CELL TYPES 


So long as cultural conditions were conducive to rapid growth 


‘and reproduction, colonies were made up almost exclusively of 


rods of varying length, or of filaments. It was only after growth 
and reproduction had almost ceased that sporulation or variant 
cell formation, or both, occurred. The production of the various 
variant cell types was followed closely, and recorded by serial 
photomicrographs or camera-lucida drawings. 

Plate 4 shows the formation and growth of branched cells. The 
sixteen drawings were made over a period of 33} hours, and depict 
changes which occurred in the same bacterial cells throughout 
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that time. The cells studied were lying at the periphery of an 
old colony on plain meat-extract agar. They elongated slowly, 
and where branching was initiated the cell-tip broadened and 
produced small prongs which became gradually longer. The two 
prongs did not always develop at the same rate. Branched cells 
were usually strongly Gram-positive. Different branched cells 
differed markedly in form (figs. 1, 3, 6 and 8, Plate 1). In some 
instances filaments showing multiple branching were observed. 

Figures 12 and 13 (Plate 2) represent a variant cell type which 
developed spindle-shaped swellings. The cells shown in these 
photographs were located at the edge of a colony growing on a 
hanging block. The same microscopic field is represented in 
both figures, but photograph 13 was made seven hours later than 
photograph 12. It is apparent that certain of the swollen cells 
were not dead, and that they were able to develop slowly during 
the seven-hour interval. Under certain circumstances practically 
all of the cells around colony peripheries were of this type. 
Similar forms have been described in the literature for other 
species. Kiihn and Sternberg (1931) stated that such swollen 
cells developed when the spores of a protozoan parasite in the 
bacterial culture penetrated the bacterial cells and grew there. 
No evidence suggesting a protozoan parasite was found in our 
cultures, however. 

Under certain circumstances many pointed cells developed at 
the peripheries of colonies. Photographs 24 and 25 (Plate 3) 
were selected from one of several long series of photomicrographs 
showing the development of such cells. Points always developed 
on the ends of the cells which were furthest away from the centers 
of the colonies. The tips of such cells seemed to push out into 
the medium and to become increasingly thin. Occasionally, 
very thin, hair-like filaments were seen. They may have repre- 
sented the extreme limit of point formation. 

When the ends of rods or filaments gradually swelled, clubbed 
organisms were produced (figs. 14 and 15, Plate 2). Clubs 
developed either on one or on both ends of cells. 

Several types of globular cells were observed (figs. 10, 11 and 
14). One type was formed from the unautolysed, swollen ends of 
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clubbed cells after the unswollen rod portions of the cells had 
autolysed and disappeared (fig. 14, Plate 2). The formation of 
two other globular cell types was described by Rettger and 
Gillespie in 1935. 

Gram stains were made on material from seventy-day-old 
broth cultures. Variant cell types similar to those found in old 
agar cultures were observed. Long rods and short filaments 
predominated. Branched forms, clubbed cells, pointed rods, 
bulged filaments, and long twisted or braided cells were also seen. 
Since most of the organisms present were strongly Gram-positive, 
it may be assumed that numerous living and vigorous micro- 
organisms were present in the old broth cultures, in spite of the 
supposedly unfavorable conditions surrounding them. 

All of the variant cells studied developed from apparently 
normal rods and filaments. Organisms of unusual shape were 
never seen to produce more cells of the same type, and one form 
of variant cell never developed into another form of variant cell. 
In the environment responsible for their formation such cells 
simply increased in size up to a certain point, and then lay dor- 
mant until death and autolysis ensued. Different morphological 
types seemed to form in response to slight variations in the 
environment in which growth was occurring. 


FACTORS INCITING CELLULAR VARIATION 


In 1935 Rettger and Gillespie emphasized the variation- 
inciting effect of some factor or group of factors associated with 
growth crowding. Throughout the course of this investigation 
the existence of a direct relationship between growth crowding 
and the development of cellular variants was again clearly 
apparent. As the number of organisms in colonies increased, 
the medium surrounding the colonies became progressively less 
favorable for growth. Atypical cells of various kinds appeared 
at the peripheries of colonies just before reproduction and growth 
ceased. No variation occurred when conditions suddenly became 
so unfavorable that growth was completely stopped. Under 
such severe conditions cell development at once ceased, and 
practically all of the cells in the colonies died. 
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The following theories may be advanced to explain the influence 
of growth crowding on cellular variation. 

1. Crowding may result in the production of large amounts of 
toxic metabolites, and the accumulation of these substances may 
incite pleomorphism. 

2. Crowding may cause the exhaustion of essential food mate- 
rials, and nutrient starvation may lead to morphological variation. 

3. Crowding may be accompanied by oxygen depletion, and 
an insufficient oxygen supply may be responsible for variant cell 
formation. 

4. Crowding may alter the oxidation-reduction potential of the 
medium, and the resulting unfavorable potential may call forth 
variant types. 

5. Crowding may hasten the maturation of the cells in the 
culture, and the pleomorphic phases of a reproductive cycle may 
appear sooner under such circumstances than they would in a 
less crowded environment. 

6. A combination of these factors may operate. 

Repeated attempts were made to demonstrate the influence of 
one or more of the factors mentioned above. In order to investi- 
gate the effect of non-gaseous toxic metabolites, twenty-five 
micro-cultures were grown on agar blocks containing filtrates 
from broth cultures of B. megatherium. Twenty-four hanging 
block cultures were also made with agar containing the super- 
natant fluid from centrifuged broth cultures, because it was 
feared that toxic metabolites might have been removed from the 
filtered culture fluids by adsorption. Broth cultures two, nine, 
fourteen, fifty-nine, and one-hundred-and-two days old were 
used. Certain of the filtrates and supernatant fluids were 
autoclaved before use; others were not heated beyond 45°C. The 
autoclaved fluids were not diluted, whereas the unheated fluids 
were used in varying concentrations. Agar blocks made with 
unheated supernatant fluids were, for the most part, not inocu- 
lated, because many living cells which were not removed by the 
centrifugation were still present in the medium. Cell growth in 
some of the cultures was followed for as long as thirty days. 

Morphological variants appeared in all of the cultures at one 
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time or another, but the time of their appearance, their nature 
and their prevalence could not be related to any factor other than 
simple growth crowding. On the one-hundred-and-two-day-old 
filtrate blocks the colonies which developed were relatively 
small, but even after eleven days many hyalin and apparently 
vigorous cells could be seen. The medium seemed on the whole 
to bring about growth limitation, rather than cell injury, although 
in several of the cultures extreme morphological variation 
occurred. The development of numerous spores and pointed 
cells on all of the one-hundred-and-two-day-old filtrate blocks 
indicated that nutrient starvation was one of the unfavorable 
factors involved here. 

Striking colonial variants developed in the blocks containing 
unheated supernatant fluids. No appreciable difference in cell 
morphology could be observed in the different colonial types, 
however. Spore formation occurred in the cells of both R and § 
colonies. 

Filterable forms were never demonstrable, although a number 
of different filtrates from cultures of various ages were examined 
over long periods. 

In order to determine the effect of gaseous metabolites, and of 
oxygen deprivation on cellular variation, fifteen hanging block 
cultures were set up. Inoculated pieces of agar were placed in 
the bottoms of the moist chambers before the latter were sealed. 
Any influence on the hanging block cultures exerted by the growth 
on the pieces of agar on the floors of the chambers, under the 
conditions of these experiments, had of necessity to extend 
through the air in the chambers; that is, it must have been of a 
gaseous nature. 

The results obtained in three of the fifteen experiments strongly 
pointed toward a variation-inciting influence of either accumu- 
lated gaseous metabolites or partial oxygen starvation. Bulged 
and swollen filaments appeared in large numbers (figs. 12 and 13). 
The effects of nutrient starvation and of non-gaseous metabolites 
were eliminated in these instances, since the single colonies on the 
hanging blocks were very small, and there was evidently no 
growth crowding. 
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The balance of factors involved in the stimulation of variation 
by gaseous means was apparently very delicate, however. It was 
exceedingly difficult to duplicate the results obtained. In most 
instances no variation occurred in the cultures on the hanging 
blocks, because the abundance of growth on the pieces of agar 
resting on the bottoms of the closed chambers caused all the cell 
development in the chambers to stop very quickly. 

Rettger and Gillespie (1935) observed the formation of certain 
coccoid cells in cultures of B. megatherium under conditions 
which favored gradual oxygen depletion and the accumulation of 
volatile metabolites. In order to distinguish between the effect 
of oxygen starvation and that of accumulated gaseous metabo- 
lites, microscope-stage moist chambers to which two “‘side-arm’’ 
glass tubes had been sealed were employed. Bottles containing 
alkaline pyrogallol were attached to each of the side arms. In 
some of the experiments the preparations were made air tight; 
in others air was admitted through small pin-holes in the paraffin 
seal. No striking cellular variants appeared; however, the cells 
at the colony peripheries became very short. The decrease in 
cell length could not, under these circumstances, have been due 
to the accumulation of gaseous metabolites, because the air 
space in the chamber was supplemented by that in the two 
bottles. It appeared to be due to simple oxygen starvation. 

In order to study the influence of nutrient starvation on 
cellular variation, fifty-eight cultures were grown on agar blocks 
which contained from ten times to one one-thousandth of the usual 
concentration of nutrients (see page 41). The only cell-types 
which seemed to be directly related to nutrient scarcity were 
spores and pointed rods (Gillespie and Rettger, 1937). Within 
certain limits, decreased nutriment increased the proportion of 
these forms. Furthermore, they never appeared in appreciable 
numbers on media containing concentrated nutriment. Never- 
theless, every cell type appeared at one time or another on 
practically all of the media studied. Only those cultures which 
were made on media containing too little food to support growth 
failed completely to show variant cell forms. 
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BEHAVIOR OF VARIANT CELLS WHEN TRANSFERRED TO NEW AND 
FAVORABLE ENVIRONMENTS 


When transferred to a fresh and favorable medium, viable 
variant cells always returned rapidly to the “normal” rod form. 
Branched cells on a fresh nutrient block showed the ‘“‘three point” 
mode of development described by Gardner in 1925. Figures 1 
through 9 (Plate 1) were taken from several series of photomicro- 
graphs showing the development of individual branched cells. 
The branch itself usually remained intact for some time, while 
each of the three free ends elongated and produced a series of 
rods. Occasionally one or two of the prongs failed to grow. 
Segmentation eventually occurred at the point of branching, 
and only chains of rods remained (figs. 2 and 9). When the 
prongs of a forked cell tapered (figs. 1 and 2), the tapering tend- 
ency continued for some time during the growth of the “points’”’ 
(fig. 2). 

The growth and reproduction of a typical clubbed cell is clearly 
shown in figures 15 through 18 (Plate 2). The photomicro- 
graphs presented here were selected from one of several long 
series showing the same phenomenon. Clubbed cells usually 
developed rapidly when placed on fresh medium. Both the 
swollen and the thin end of each organism elongated. Chains of 
thick rods were formed from the clubbed ends, whereas the cells 
formed from the narrower ends were appreciably thinner. Fur- 
thermore, the thick cells invariably showed a peculiar tendency 
to curl or twist. How long the differences in cell breadth persist 
has not as yet been determined. Practically all of the clubbed 


‘cells studied formed a peculiar small knuckle-like projection on 


the side of the first thick organism which developed as the result 
of the elongation of the swollen end of the club. The projection 
always developed in the vicinity of the first line of division. It 
persisted for some time as a globular swelling on the end of one 
of the newly formed rods. Figures 16 and 17 illustrate this 
phenomenon clearly. 

Figures 26 and 27 (Plate 3) show the fate of two pointed cells. 
In one instance the point did not develop, and was apparently 
cast aside. In the other the part of the cell immediately back 
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of the tip revealed a peculiar transverse type of swelling. Both 
of these modes of development were often observed in other cells 
of the same type. 

Although many granules and granular cells were seen in various 
preparations, no evidence suggesting the existence of granules 
which were capable of reproduction was obtained. 


SUMMARY AND CONCLUSIONS 


The classical or so-called ‘“‘normal’”’ rod form of Bacillus mega- 
therium appeared when the organism was grown in a reasonably 
favorable environment. It was only after growth and reproduc- 
tion had practically ceased, due to some inhibiting influence, that 
variant cell formation and sporulation occurred. 

The following variant types were seen: (1) coccoid cells, (2) 
globular and balloon-like bodies, (3) pointed bacilli, (4) branched 
organisms, (5) clubbed rods, (6) filaments with bulbous swellings, 
and (7) bizarre forms. The organisms in groups 3, 4 and 5 ranged 
in length from short rods to long filaments. 

Cells of unusual shape never produced new organisms of the 
same type. In the environment responsible for their formation 
they simply increased in size up to a certain point, and then 
remained dormant until death and autolysis ensued. When 
transferred to new and wholesome surroundings, viable variant 
cells returned to the “normal”’ rod form. 

When planted on fresh nutrient agar the stem and both prongs 
of branched forms frequently elongated and broke up into ordi- 
nary bacilli. Clubbed organisms also increased in size and 
segmented into rods in new, favorable environments. The cells 
which developed from the swollen ends of the clubs were con- 
siderably thicker than those which came from the opposite ends. 
Furthermore, the thick cells curled and twisted in an unusual 
fashion. Very few globular cells were seen to develop. Those 
which did grow returned, after a few divisions, to the ‘‘normal’’ 
rod form. A peculiar twisting or braiding-together of long fila- 
ments was observed. The factors responsible for this appeared 
to be purely mechanical. 

When sufficient Bacto-agar was added to old broth cultures of 
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the organism to convert the medium into solid agar, extremely 
rough, as well as intermediate, colonies developed. The colony 
variants were made up of normal-appearing rods. No definite 
relationship seemed to exist between cellular and colonial 
variation. 

The relation of growth crowding to the stimulation of cellular 
variation was re-emphasized. Hoping to determine the environ- 
mental factors which were responsible for cellular variation, 
attempts were made to separate the influences which might be 
associated with growth crowding, and to stimulate variation by 
applying those influences individually to growing cells. 

Homologous metabolites of various ages in filtered broth 
cultures and in centrifuged unfiltered culture fluids were made up 
into solid agar media. Surprisingly luxuriant and normal growth 
appeared on these media. No clear-cut evidence was obtained 
which indicated that accumulated toxic metabolic products were 
responsible for cellular variation. It is possible, however, that 
some easily oxidized or otherwise unstable substances may have 
been involved. 

The rdle of either accumulated gaseous metabolites or of partial 
oxygen deprivation as incitants to the production of bulged and 
swollen filaments was strongly suggested. The effect of nutrient 
starvation was investigated also. Pointed rods and spores 
appeared regularly on nutrient-poor media, but no other cell- 
types could be brought out by varying the amount of the food 
substance supplied. 

Further evidence was obtained to support the authors’ earlier 
claims that partial oxygen starvation leads to the formation of 
globular and coccoid cells. Attempts to produce other types 
of cellular variation by regulating the oxygen supply were unsuc- 
cessful. 

Cells of unusual shape seemed to form in response to unfavor- 
able environmental conditions. They were presumably simple 
adaptive variants, and did not appear to represent stages in an 
orderly life-cycle. No evidence was obtained which suggested 
the existence of viable granules. 
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PLATE 3 


PHOTOMICROGRAPHS OF CELLS GROWING ON HANGING Blocks or AGAR 
hye 19 rHROUGH 23. Formation of twisted filaments on Savita igvnal Pert 
of observation, three hours Room temperature < THO 


hias 241 ann 25 Formation of pointed cells on igar containing only 0.04 


the usual amount of nutriments Period of observation thirtv-five hours 
Pemperature 30°¢ K O50 

Fics. 26 anp 27. Development of pointed and globular cells Room temper 
ture x O50 
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THE DEMONSTRATION OF PHASE VARIATION IN 
SALMONELLA ABORTUS-EQUI! 


P. R. EDWARDS anv D. W. BRUNER 
Department of Animal Pathology, Kentucky Agricultural Experiment Station, 
Lexington, Ky. 


Received for publication January 21, 1939 


The discovery by Andrewes (1922) that certain Salmonella 
species could be divided into specific and nonspecific phases by 
selection of colonies offered an entirely new approach to the differ- 
entiation of types within the paratyphoid group. This work was 
followed by the observation of Kauffmann and Mitsui (1930) 
that some types which did not display nonspecific components 
could be separated into two phases which exhibited different 
antigenic properties. This phenomenon was shown to be com- 
parable to the specific-nonspecific variation of Andrewes and was 
valled alpha-beta phase variation. While it has been demon- 
strated that many Salmonella types are diphasic, a number are 
still considered to be monophasic species which are not subject 
to phase variation. 

The value of antiserums in inducing phase variation has been 
recognized for several years. Scott (1926) was able to isolate the 
specific phase from nonspecific cultures of the Thompson type by 
transferring them in broth which contained serum derived from 
the nonspecific phase. Using the same method Kauffmann 
(1936) was able to demonstrate a second phase in the typhoid 
bacillus, which had hitherto been considered monophasic. Was- 
sén (1935) originated a method for the separation of phases which 
was based on the immobilizing effect of agglutinating serums. 
The details of this method were described by Bruner «ad Edwards 


1 The investigation reported in this paper is in connection with a project of 
the Kentucky Agricultural Experiment Station and is published by persmission 
of the Director. 
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(1939) who used it successfully for the isolation of specific phases 
from all of the so-called totally and permanently nonspecific 
varieties of Salmonella. Since the Wassén technique is so greatly 
superior to other methods for the isolation of phases which are 
suppressed under ordinary methods of culture, the writers have 
used it to investigate phase variation in the supposedly mono- 
phasic specific types. Salmonella abortus-equi was chosen as the 
first species to be examined. The reason for this choice is 
obvious. The flocculating antigens of S. abortus-equi (enx of the 
Kauffmann-White schema) are those present in the beta phase 
of almost all the types which possess alpha-beta phase variation. 
It would thus appear that S. abortus-equi is a type in which the 
alpha phase is suppressed. This hypothesis was advanced by 
Kauffmann (1938), who examined several cultures of this species 
but could demonstrate no variation. 


MATERIALS AND METHODS 


From the collection of Professor E. 8. Good, who very gener- 
ously supplied cultures, and from specimens isolated in this 
laboratory, 24 strains of S. abortus-equi were available for study. 
Of these 24 cultures, 6 were non-motile or only very feebly motile 
and 3 were rough. The remaining 15 strains of smooth, motile 
bacilli were typical representatives of the species. Phase varia- 
tion was noted in 6 cultures, whose designations and histories 
are as follows: M1, From aborted fetus, isolated 1924. M5, 
Isolated from aborted fetus by Dr. K. F. Meyer in 1916. McC, 
From aborted fetus, isolated 1923. WH2, From aborted fetus, 
isolated 1931. 4KS88, Received from Army Medical School. 
Isolated from aborted fetus in 1933. P, From aborted fetus, 
isolated 1913. 

These cultures were inoculated into semi-solid agar containing 
various antiserums by stabbing along one side of the tube. In 
the original experiments, S. abortus-equi antiserum which had 
been freed of somatic agglutinins by absorption with the Reading 
type was added to the agar. In later trials serum derived from 
the beta phase of the Minnesota type was substituted. The 
antigenic formula of this type was established by Edwards and 
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Bruner (1938) as XXI:b =enz. Thus the flocculating antigens 
of the beta phase of Minnesota are similar to those naturally 
occurring in S. abortus-equi. These serums were used in amount 
sufficient to confine the growth of the normal phase of the bacilli 
to the line of inoculation. Outgrowths from the line of stab 
represented the appearance of hitherto masked phases. As these 
phases appeared they were purified by continued transfer and 
agglutinating serums were prepared for them. These serums, 
after absorption with appropriate bacilli, and Salmonella para- 
typhi A serum were in turn added to semi-solid agar for use in 
attempts to revert the induced phases. 
RESULTS 

Before the results of the experiments can be given, some desig- 
nation must be assigned the phases isolated. Kauffmann (1938a) 
has revised the Kauffmann-White schema so that the phases of 
diphasic organisms are referred to as phase 1 or phase 2. In the 
case of the types which exhibit specific-nonspecific variation the 
specific antigens are designated as phase 1, the nonspecific as 
phase 2. In organisms which display alpha-beta variation, the 
alpha components are called phase 1, the beta are denoted as 
phase 2. Since the normal antigens of S. abortus-equi (enx) are 
those found in phase 2 of the revised schema, they will be desig- 
nated as phase 2. Two other phases which were found will be 
designated as phase 1 and phase 3._ As will be shown later, phase 
1 is identical with the normal flocculating antigen of S. paratyphi 
A (a), while phase 3 is closely related to the antigen which has 
been known as the beta phase of the Schleissheim type (25 of 
Kauffmann and Tesdal, 1937). 

Phase 1 was recovered from each of the six cultures listed above. 
Phase 3 was recovered from four cultures; M5, McC, WH2, 
and P. No special effort was made to recover phase 3 from cul- 
tures M1 and 4KS88. Not only was it possible to recover these 
hitherto suppressed antigens from the cultures, but by using a 
suitable serum or combination of serums the phases could be 
transformed from one into another at will. The degree of control 
which it was possible to exercise over phase variation in these 
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cultures was surprising. It is unnecessary to give in detail the 
results obtained with all the cultures. The results obtained 
with one culture are presented in figure 1. 

From figure 1 it can be seen that either phase 1 or phase 3 can 
be obtained from the naturally-occurring phase 2 and that both 
of these artificially induced phases may be reverted to the original 
phase or transformed to the other induced phase as desired. 





oaste AF Phase 2 
— Phase 3 | 
t enz + 25 5 Phase 1 
S. abortus equi M5 | 
Phase 2 
enz + 25 | = =? Fee 3 
Phase 1 | 
( { dn A — Phase 2 


Fig. 1. PHase VARIATION INDUCED IN S. ABORTUS EQUI 


The symbols on the arrows indicate the serums added to the medium. 

enz—antiserum derived of the beta phase of the Minnesota type or antiserum 
derived from phase 2 of S. abortus equi. The latter serum was absorbed by the 
Reading type before use. 

z5—antiserum derived from phase 3 of S. abortus equi. This serum was ab- 
sorbed with phase 2 of S. abortus equi before use. 

a—antiserum derived from S. paratyphi A. 


Phase 1 (a) 
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Phase 3 (25 ) 
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The symbols accompanying the phases indicate the antigens which they con- 
tain. These are designated in accordance with the Kauffmann-White schema. 


Unless the proper combination of serums is used a mixture of 
phases may result. For instance, if phase 1 is grown in S. 
paratyphi A serum alone, both phase 2 and phase 3 may be 
obtained from it. The phases of S. abortus-equi and the changes 
which have been induced in them are indicated in figure 2. 
The serological relationships of the phases were examined by 
agglutination and agglutinin absorption. It should be em- 
phasized that the changes described in the organisms apply only 














Pa wh”: 


PHASE VARIATION IN 8. ABORTUS-EQUI 67 


to the heat-labile or flocculating antigens. The heat-stable or 
somatic antigens remained unchanged throughout the course of 
the work. Agglutination and agglutinin absorption tests proved 
that the somatic antigens of phases 1, 2 and 3 were identical. 


TABLE 1 


Agglutination tests 
ANTISERU MS 


ANTIGENS Abortus Abortus Abortus 


> es Schleiss- 
equi M1 equi M5, equi M5 a, — 2 heim 
phase 1 phase2 phase 3 ype sota-beta beta 
Abortus equi M5—phase 1 20 ,000 500 200 20,000 0 0 
Abortus equi M5—phase 2 0 10,000 500 0 20,000 0 
Abortus equi M5—phase 3 0 1,000 5,000 0 0 2,000 
Paratyphi A 20 ,000 0 0 20,000 0 0 
Minnesota-beta 0 | 10,000 0 0 20,000 0 
Schleissheim-beta 0 0 2,000 0 0 5,000 
0 indicates no agglutination at 1:200. 
TABLE 2 
Agglutinin absorption tests 
ANTISERU MS 
Abort M1,! Abortus equi M5, : | = 18 
. "ahah ‘eek % Abortus equi M5, phase 3 : a 






absorbed by absorbed by absorbed by sa 
~ 
, a ies | &- 
ANTIGENS ry 3 s < ai “ & ite = 
a 63 a is |Zi3 |3 ZB i\Ze | oe 
2 , {L Zee] ©3 
3 3 <|3 3 — i 3 3 EB Eso <= 
> > | = > e\> > @ “633 = 
on a) < rn) a) - cou Sa z= a =: 
®<« @<« a &~« ©. ~ S¢ ® « % <= as Z 
223 =i 28:32) 8) 38 3% s 8° at is 
eaita 2/24 £2 2 £2 £2 =& Exu G3 Et: 
6a/'308/)8/3a/ 3a = 68 38) & Sek® Ex [Eca 
< < Q < < = =< < t 7 a L 
Abortus equi M5—phase 1... 10,000 10,000 0 0 0 0 0 0 
Abortus equi M5—phase 2.. 0 0 10,000 10,000 0 200 0 500 0 0 
Abortus equi M5—phase 3.. 0 0 200 0 5,000 5,000 2,000 1,000 0 
Paratyphi A 10,000 10,000 0 0 
Minnesota-beta 10,000 10,000 0 


Schleissheim -beta 2,000 2,000 0 0 2,000 


0 indicates no agglutination at 1: 200 


The relationships of the flocculating antigens are given in tables 
1 and 2. Except for the relationships shown in table 1, the 3 
phases of S. abortus-equi failed to react in significant degree with 
any of the antigens of the Kauffmann-White classification. 
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Naturally, they reacted with all types containing the antigens 
a,e,norz. Although the three phases show more or less rela- ; 
tionship to each other they are easily distinguished. While 
serum derived from phase 1 fails to agglutinate phase 2 or phase 
3, serums derived from both phases 2 and 3 agglutinate phase | 
in low dilution. The closest relationship is between phase 2 and 
phase 3. The agglutination and absorption tests demonstrate 
the identity of phase 1 with the flocculating antigen of S. para- 
typhi A. Phase 2, the only phase of the bacillus which is known 
to occur naturally, is identical with the flocculating antigens of 
the beta phase of the Minnesota type. It is surprising that while 
the flocculating antigens of phase 2 and of Minnesota beta are 
identical, phase 3 is agglutinated by phase 2 serum but not by 
Minnesota beta serum. Phase 3 is closely related to the beta 
phase of the Schleissheim type but, as demonstrated by absorp- 
tion tests, the two are not identical. The phases, when once 
isolated, are quite stable. It is obvious that phase 2, which 
occurs naturally, is quite stable since it is the only form in which 
the organism has been found previously. Phase 1 and phase 3 
are apparently equally constant. No variation has been observed 
in these phases except when they were cultivated in semisolid 
agar containing their respective antiserums. This stability of 
the phases under ordinary conditions of culture supports the view 
that changes observed when they were placed in contact with 
appropriate serums were actually due to reversion and not to 
impurity of the phases. The behavior of the phases in semisolid 
agar containing immune serum also supports the view that re- 
version actually occurred. A species which is naturally diphasic 
spreads readily through semisolid agar containing serum which 
acts upon the predominant phase. Even the Binns type, whose 
stubborn non-specificity is notorious, migrates rapidly through a 
medium containing serum which immobilizes the non-specific 
phase. The phases of S. abortus-equi, on the contrary, act in an 
entirely different manner. ‘The initial cultures show only one or 
two small filmy protrusions from the line of stab, and these us- 
ually appear after the tubes have been incubated for 48 hours or 
more. Such behavior strongly indicates actual reversion. 
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DISCUSSION 


It is difficult to discuss the facts presented above because the 
mechanism upon which phase variation rests is not understood. 
Nevertheless several points call for comment. First, there is the 
demonstration of more than two phases in a single bacterial 
culture. So far as the writers are aware, no more than two phases 
have been reported previously. The demonstration of a third 
phase suggests that eventually a still larger number may be found. 
The significance of this observation is not clear. It may be said 
to add support to the view of White (1926) that the paratyphoid 
bacilli as we know them today are loss variants of primitive types 
which had wide antigenic relationships and little or no host 
specificity. White further postulated that, as these primitive 
types became adapted to specific hosts, certain antigens were 
lost and that the types most specialized in their host relation- 
ships were likely to exhibit restricted antigenic components. 
The monophasic typhoid bacillus, S. paratyphi A and S. abortus- 
equi were cited as examples. If this theory of Salmonella phyl- 
ogeny is accepted it must be realized that the phases which have 
disappeared are not actually lost, but are merely suppressed. 
In further support of this view it may be mentioned that the 
writers have isolated nonspecific phases from S. paratyphi A, 
which has hitherto been considered monophasic. The work on 
this species is not sufficiently advanced to warrant a detailed 
report. 

Kauffmann (1936) demonstrated a beta phase in one culture 
of the typhoid bacillus by cultivation in broth containing immune 
serum for the Muenchen type. Efforts to isolate the beta phase 
from other cultures resulted in failure. Further, the induced 
phase could not be reverted to the normal alpha phase. At- 
tempts to induce phase variation in S. paratypht A were unsuc- 
cessful. In commenting on these results Kauffmann expressed 
the view that S. paratyphi A, like the typhoid bacillus, was 
capable of phase variation and that possibly all Salmonella 
types were diphasic or multiphasic. He also pointed out the 
possibility that diphasic strains such as S. paratyphi B or S. 
paratyphi C could be induced to yield beta variants of the specific 
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antigens by cultivation in suitable immune serums. The present 
work is partial proof of that hypothesis. 

Kauffmann (1938a) has also advanced the opinion that the 
flocculating components of any Salmonella type are complex and 
consist of a number of partial antigens, one or two of which 
predominate and determine the character of the phases. He 
believes that it is possible by cultivation in certain immune 
serums to subordinate the dominant antigens and promote those 
which ordinarily are of minor importance. Thus, it would be 
possible to obtain a number of phases from a given type, corre- 
sponding to the partial antigens of that type. 

While immune serums were used to isolate beta phases from 
the typhoid bacillus by Kauffmann (1936), from the Schleissheim 
type by Kauffmann and Tesdal (1937) and from Salmonella 
abortus-canis by Gard (1938), the work reported here constitutes 
the first instance in which phases obtained from apparently 
monophasic specific types have been demonstrated to be revers- 
ible. The reversibility of the induced antigens indicates that 
the phenomenon being dealt with is a true example of phase 
variation and not merely a mutation or degeneration produced 
through cultivation in immune serum. The fact that phase 1 
is identical with the normal flocculating antigens of S. paratyphi 
A, and that this component frequently occurs in diphasic cul- 
tures whose beta phase is identical with phase 2 of S. abortus-equi 
is a further indication that a true phase variation has been dis- 
covered. 

The relationship of phase 3 of S. abortus-equi and the beta 
phase of the Schleissheim type holds added interest when it is 
considered that both are induced phases. Likewise the beta 
phase of S. abortus-canis of Gard (1938) and the beta phase of 
the Schleissheim type are induced phases which are more or less 
related to each other. Similarly the writers have been able to 
isolate a beta phase from S. paratyphi A and an induced phase 
from the Kentucky type which are closely related. After more 
work has been done on this problem it is possible that phases 
isolated with the aid of immune serums will be found to follow a 
recurring pattern, as do the naturally occuring antigens of the 
Kauffmann-White schema. 
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The discussion would not be complete without some reference 
to the relation of this work to transformation of types within 
the genus. The demonstration of phase 1 in S. abortus-equi 
endows this species with all the major antigenic components of 
the naturally diphasic Bispebjerg type, whose antigenic formula 
is IV:a=enz. All efforts to demonstrate a third phase in the 
one available culture of the latter type have failed. The two 
types differ in their biochemical activity and while closely re- 
lated serologically, they are not identical. Although it is en- 
tirely probable that further unsuspected antigenic relationships 
between different types will be established by work similar to 
that reported here, it seems improbable that actual transforma- 
tion of types will be accomplished in this manner. 


CONCLUSIONS 


Study of the supposedly monophasic Salmonella abortus-equi 
by the Wassén technique revealed that this organism contained 
three phases. Phase 1 is identical with the flocculating antigens 
of Salmonella paratyphi A. Phase 2 is the form in which the 
species naturally occurs. Phase 3 is related to, but not identical 
with, the beta phase of the Schleissheim type. The phases are 
reversible and by use of suitable immune serums, one phase may 
be changed to either of the others. This is the first instance in 
which more than two phases have been demonstrated in a Sal- 
monella. It is also the first instance in which induced phases 
isolated from monophasic specific types have been proved to be 
reversible. 
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The taxonomy of the actinomycetes has been subject to unend- 
ing controversy, and further confusion has been introduced by the 
formation of a group intermediate between Actinomyces and 
Corynebacterium and Mycobacterium which was termed Proacti- 
nomyces. It is to the validity and composition of this group of 
organisms that these studies were directed. Two virtually 
identical systems of separation, differing only in nomenclature 
and using morphological characters for their main subdivisions, 
are those proposed by Orskov (1923, 1938) and Jensen (1931la and 
b, 1932) illustrated in table 1. Since the nomenclature of Jensen 
seems based on sounder taxonomic principles it has been used in 
this paper. The earlier physiological studies of Waksman (1919) 
and the morphological studies of Drechsler (1919) were confined 
essentially to the “Actinomyces” group of Jensen and may serve, 
therefore, as further physiological subdivisions of this group, 
with the exception of one culture, ‘‘Act. asteroides,’’ which is a 
Proactinomyces. 

The members of the genus Proactinomyces are distinguished 
from the members of the genus Actinomyces by the former's 
inability to form spores in the aerial mycelium. Spores are 
defined as “‘bodies identical to one another in form having a 
special mode of formation” and are to be distinguished from the 
so-called fragmentation “spores.’’ Eighteen strains of acid-fast 
and 11 strains of non acid-fast Proactinomyces which sometimes 


1 Journal Series Paper, N. J. Agricultural Experiment Station, Department of 
Soil Chemistry and Microbiology. 
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formed aerial mycelia, together with 10 species selected at random 
from among the true Actinomyces, were subjected to a wide 
variety of cultural and environmental conditions to determine 
whether some condition might not be found in which spore forma- 
tion could be induced. These were cultivated, at 28°C., in tubes, 
plates and slide cultures, upon Czapek’s, starch, egg albumin, 
nutrient, glycerol and water agars, as described by Waksman 


TABLE 1 


Nomenclature of actinomycetes 


ORSEOV JENSEN 
aceeetames (1923, 1938) (1931a and b, 1932) 


I. Spore formation in aerial mycelium 
A. Single spores born at end of | Micromonospora | Micromonospora 
branch 


B. Spores formed in chains at end of 
mycelial hyphae 
a. Vegetative mycelium un- | Cohnistreptothrix | Actinomyces 
divided | 
b. Vegetative mycelium di- | 
vided 


II. Nospores formed in aerial mycelium 
A. “Stable’’ mycelium (8 form) 

1. Long hyphae 
2. Colony growth in liquid | Actinomyces Proactinomyces 
media 

3. Actinomyces-like colony 
B. ‘‘Unstable’’ mycelium (a form) 
1. Short mycelium if formed at | 
all | 

2. Bacterial (diffuse) growth in 
liquid media 
3. Bacteria-like colony 


(1919) as well as on potato slants and on Frazier’s gelatin (Fred 
and Waksman, 1928). They were observed for a period of three 
months at approximately weekly intervals for spore formation, 
both by direct microscopic observation and by use of the Orskov 
contact cover-slip technic (1923). In no case was there any 
indication of spore formation among the Proactinomyces strains. 
Under similar conditions, strains of true Actinomyces produced 
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a macroscopic (in a few cases only microscopic) aerial mycelium 
which showed abundant spore formation within a week. In a 
few cases, especially on rich media, spore formation was slightly 
delayed, but was generally evident by the second week. There- 
fore, pending valid evidence to the contrary, the line of distine- 
tion between the Proactinomyces and the Actinomyces proper is 
probably a sufficiently constant and practical distinction to be of 
value in their separation. 

The genus Proactinomyces is separated from Corynebacterium 
and Mycobacterium upon the basis of the absence of mycelial 
formation in the latter. While, admittedly, such a distinction 
appears eminently suitable, it has in practice resulted in consider- 
able confusion, which arises, in part, at least, from the lack of 
recognition that many bacteria, when placed under conditions 
which somewhat restrict free movement, may (especially in early 
stages of growth), form structures which may be easily mistaken 
for mycelium. The observations of McCarter and Hastings 
(1935), of Krassilnikow (1934), and even of Orskov (1938) on 
his group “IIb” leave little doubt that strains which would gen- 
erally be considered bacteria, may form, under given conditions 
of growth and given techniques of observation, structures which 
have been called “‘mycelium.”’ The lack of an adequate defini- 
tion of what constitutes a mycelium is a real cause of confusion. 
A “chain” or alignment of cells extending no more than 5-10 
cell lengths and rapidly disintegrating so that the structures are 
not detectable after 18 to 26 hours is often considered equivalent 
to a mycelium 200 to 300 uw long which remains without marked 
fragmentation for several weeks. Jensen attempts to circumvent 
this difficulty by defining as Proactinomyces those forms which 
show a “constant’’ formation of mycelia while placing the forms 
showing only occasional mycelia among the bacteria. A mo- 
ment’s reflection will indicate that such a character is too depend- 
ent upon given cultural conditions to be of much aid in separation. 

It has become increasingly apparent that the Proactinomyces 
are composed of two rather distinct types of forms, one of which 
is difficult to distinguish from the Corynebacterium or M ycobacte- 
rium, and which is usually termed the ‘‘unstable mycelium group” 
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(here called ‘‘a’’ Proactinomyces). The other group can be dis- 
tinguished from Actinomyces by lack of spore formation, but its 
properties do not greatly resemble those of the first type. This 
latter group is usually termed “stable mycelium group” (here 
called “8’’ Proactinomyces). A list of the properties of these two 
groups is given in table 1. 

Since it is recognized that simple mycelium formation is not an 
adequate criterion for separation from the Corynebacterium and 
Mycobacterium, and since the a and 8 groups of Proactinomyces 
are distinguished by the rather vague distinctions of ‘‘stable’’ and 
“unstable” mycelium or “slow’’ and “rapid” disintegration, a 
search for better criteria seemed desirable. Of these, three 
appeared suitable: (1) aerial mycelium, (2) diffuse growth in 
liquid media, (3) structure of colony. Aerial mycelium was 
present quite consistently (though sometimes microscopic) 
among the “stable mycelium” group, while it was never found 
among the “unstable mycelium’ types. This character, if 
sufficiently constant, could be a desirable characteristic for sepa- 
ration. While such is Orskov’s contention (1923, 1938), strains 
are found which show typical 8 structure (and virtually no signs 
of disintegration even when cultured for as long as 3 to 4 months) 
yet never produce even traces of microscopically observable 
aerial mycelium. Other strains show aerial mycelium only under 
particular circumstances, so that production of aerial mycelium 
cannot actually be used as a criterion for separation, since it is 
dependent, to a large extent, on the cultural conditions. 

The lack of diffuse growth in fluid media seems a more suitable 
index of mycelium formation and it is surprising that it has not 
been previously used as a method of separation. It has been 
frequently noted that while bacteria always produce some degree 
of turbidity, actinomycetes do not. These show rather flaky or 
colony-like growths, but no turbidity. In this study it was 
found that all 8 type strains produced no turbidity while all a 
types did.* Such a separation, based upon turbidity is hardly 


* The difference between a and 8 types in this respect is actually more funda- 
mental than is at first apparent. An Actinomyces in liquid media forms ‘‘colo- 
nies’’ composed in the most part of a single individual (perhaps even a single 
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adequate, however, since many mycobacteria produce no tur- 
bidity, since R and § cultures often differ in turbidity, and since 
the O/R potential of the media often determines whether a ‘‘non- 
turbid”’ pellicle or diffuse growth is observed. Yet those familiar 
with the growths of an actinomycete in liquid media will recognize 
that the complete absence of turbidity plus the formation of 
colony-like structures are a constant character of Actinomyces 
and a similar type of growth among the 8 forms of Proactinomyces 
might serve as one of the criteria of separation. That this cri- 
terion is not entirely a plus or minus character is apparent since 
variations have been reported (Jensen, 193la; Topping, 1937; 
Wright, 1937) to occur which resulted in turbid-forming variants. 

The variants of Proactinomyces polychromogenus (Jensen, 1931a) 
obtained from the Lister Institute Collection (‘‘filamentous,”’ 
“normal” and “‘bacterial’’ forms) do not show turbidity in fluid 
media, but are rather of the 8 type (stable mycelium). The 
cultures of Topping (1937) (no. 114R and 8) belong to the a 
group, while the remaining report (Wright, 1937) emphasizes 
that the turbidity-forming variants seem distinctly unusual and 
are very possibly entirely comparable to the variations which 
one occasionally finds in bacterial cultures. Such conversions 
from one species to another are not too uncommon and while 
they serve to indicate relationships, they do not invalidate en- 
tirely the aid in separation obtained by observations on liquid 
media. 

Finally, the difference in the consistency of the colony is quite 
distinct between the a and 8 groups, that of the a type being 
generally soft, translucent and gummy, whereas the 8 type is hard, 
waxy and cannot be normally separated into fragments with the 
inoculating needle, yet this distinction seems somewhat too vague 
for adequate separation. 


cell). With bacteria no colonies are formed, or if formed (as in the waxy Myco- 
bacteria) may be broken down easily by shaking, since they are composed of many 
individuals. It is therefore possible in many cases to place an organism nearer 
to the genus Actinomyces if it shows an actinomyces-like growth in fluid media 
and nearer to the bacteria if the growth is bacterial. As far as our observations 
go, this differential character appears to be a constant one. But undoubtedly, 
border-line cases exist in which the investigator must resort to other charac- 
teristics. 
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After studying and comparing various reputed Proactinomyces 
types sent to the laboratory through the courtesy of many work- 
ers, the following diagram of their relationships may be suggested. 
This is very similar to that of Jensen and to that of Orskov, the 
fundamental points being entirely in agreement. 


Corynebacterium Mycobacterium 
Unstable mycelium | Line of de- 
| observable in slide | markation not 
culture. Turbidity exactly es- 
in liquid media. tablished. 
a Proactinomyces a Proactinomyces 
(non acid-fast) (partially acid-fast) 


Stable mycelium 
“Actinomyces” growth 


| in liquid media. | 
8 Proactinomyces B Proactinomyces 
(non acid-fast) (partially acid-fast) 


Spore formation 


! 


Actinomyces 


Attention is centered in this report on the 8 types, particularly 
those producing an orange to orange-red pigment, whose function 
in nature (aside from the pathogenic ‘‘Act. asteroides’’) can only 
be indicated as a probable attack on resistant compounds (Gray 
and Thornton, 1928; Jensen, 1932). 


TYPE I. PARTIALLY ACID-FAST 8 PROACTINOMYCES 


Jensen (1931b and 1932) found that certain forms among the 
Proactinomyces exhibited both a relatively and a partially acid- 
fast character; this was also encountered among certain forms in 
this study. It can be interpreted to mean that not only does the 
acid-fast character depend to a considerable extent upon the 
medium (in milk they are likely to be acid-fast, while on certain 
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synthetic media they may be non acid-fast), but also that a part 
of the mycelium may be acid-fast, whereas closely adjacent parts 
may be non acid-fast. It has been particularly noted that the 
aerial mycelium seems less readily decolorized than the submerged 
mycelium. It is decolorized in all cases, however, more rapidly 
by acid alcohol than is the case with the tubercle organism. A 
standard method of decolorizing, which has proved satisfactory 
for distinguishing between partially acid-fast and non acid-fast 
forms, consists in placing the stained slide (Carbol-Fuchsin, 
2 per cent, steam for 5 minutes) in a stain jar containing 3 per 
cent HCl in alcohol for exactly 15 seconds. Wash in water im- 
mediately, and place in stain jar containing 0.1 per cent aqueous 
solution of Methylene blue for three minutes. By this method 
heavy clumps may not be entirely decolorized, but they offer no 
difficulty if the areas free from them are examined. 

The organisms included in this group, in addition to being 
partially acid-fast, have several other related characters. They 
do not hydrolyze starch, which indeed seems correlated with the 
partial acid-fast character (Gordon and Hagan, 1936). They 
do not hydrolyze gelatin, and without exception possess the 
ability to utilize paraffin as the sole carbon source. This type 
was represented in this study by seventeen strains as follows: 


3308A. A. asteroides. Waksman collection. 

3013. Unidentified pathogen obtained from Dr. Broadhurst. 

3306. <A. asteroides Bering. 

401.5 A. farcinica (Fitch 1932). 

558. <A. gypsoides (Henrici 1934). 

559. A. asteroides (Henrici 1934). 

568, 568a, 568b. Unidentified forms, isolated from potato scab in 
1932 by Dr. Taylor at Cornell University. 

616, 619, 631, 632, 642, 648, 649, 650. Unidentified strains iso- 
lated from soil by Dr. Gordon, at Cornell University in 1935 


‘Paraffin utilization was determined by inoculation into a liquid medium 
composed of the salts employed in Czapek’s media with a drop of melted com- 
mercial paraffin per tube. While this paraffin probably was not entirely pure it 
served to distinguish the acid-fast cultures from the non-acid-fast cultures, since 
the latter showed no growth whatsoever. 

5 Cultures 401 through 650 were obtained through the courtesy of Dr. W. A 
Hagan, Cornell University. 
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The consistency of the growth of these organisms is crumbly 
and wax-like, as compared to the smooth, shiny, hard growths of 
the non acid-fast types. On Czapek’s agar (sucrose-NaNO, 
medium), growth is scanty in the case of all strains, but sooner or 
later (usually within 5 days) a white aerial mycelium begins to 
form. Some strains produce more aerial mycelium than others 
but in no case was spore formation observed. The pigment of 
the cultures was orange to orange-red but no black color was 
produced on any of the media employed. There was considerable 
fragmentation of the mycelium after one week, at 28°C., into 
rod-shaped branching forms of varied lengths, but long strands 
were visible for as long as two months. Previous descriptions 
of A. asteroides leave little to add (Henrici, 1930; Henrici and 
Gardner, 1921; Waksman, 1919). 

A few of the properties of the 17 strains falling into this group 
are summarized in table 2. Among these strains, several were 
described as distinct species and several were unidentified forms. 
Data are presented only of the growth on Czapek’s synthetic 
agar (on which the organisms grow slowly) and on beef peptone 
agar (on which they grow rapidly). Growth on water-agar, 
paraffin agar and egg-albumin agar is almost identical to that on 
Czapek’s; starch-ammonium sulfate and glycerol-nitrate agars 
are somewhat better nutrients and occupy an intermediate posi- 
tion, while Frazier gelatin agar gives growth very similar to that 
on beef-peptone. Data are given for the characters of the or- 
ganisms after 5 and 20 days incubation. It will be noted that 
differences between the several strains are relatively minor and 
and in reality reflect slightly different rates of development, 
rather than any differences in the kind of growth; there is proba- 
bly no justification at the present time, for their further separation 
into separate species upon the basis of growth characters. 

It is entirely possible that these strains differed from the type 
strain Proactinomyces asteroides (Eppinger) Gasperini when they 
were first isolated, but that cultivation on artificial media has 
caused the loss of these differentiating characters, which indeed 
has been shown to be the case with “Act. gypsoides’’ (Henrici, 
1930). At present, however, they may be considered as but 
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minor variants of the well-known type Proactinomyces asteroides, 
and without doubt, should be so designated. 

Jensen (1932) has proposed the delineation of four other species 
within this group of organisms which are defined as follows: 


Initial mycelium well-developed: 
1. Vegetative mycelium, soft, little aerial mycelium: 
a. Red colored (yellow or white variants), P. polychromo- 
genus, 
b. White to pale pink colored P. opacus, P. erythropolis, 
2. Vegetative mycelium, hard: 
a. Yellow colored P. paraffinae. 


The descriptions given by Jensen would lead one to consider 
P. polychromogenus, P. opacus, P. erythropolis as members of 
the a type. Examination of ‘A. erythropolis” (American Type 
Culture Collection no. 4277) confirms this suspicion. However, 
the cultures of P. polychromogenus from the Lister Institute and 
another kindly supplied by Dr. Jensen were found to be of the 
8 mycelium type, and closely resembled the types studied here. 
All of which illustrates the confusion inherent in descriptions 
which employ “‘stable’”’ or ‘‘unstable’’ mycelium or ‘“‘hard’’ and 
“soft”? mycelium as terms upon which separation is to depend. 

The forms examined closely resemble P. polychromogenus 
(filamentous phase) and might be readily classed there. How- 
ever, in view of the apparent instability of P. polychromogenus 
and the relative stability of the P. asteroides types here studied 
and in view of the more or less rare variations reported on the 
same types by Wright (1937), it is proposed to consider them as 
separate entities. P. asteroides is pathogenic while the patho- 
genicity of P. polychromogenus is unknown. 

A readily applicable modification of the Jensen system would 
appear to be as follows: 


Partially acid-fast types, non-proteolytic, non-diastatic, constantly 
utilize paraffin: 
1. a mycelium types: P. opacus, P. erythropolis, 
2. 8 mycelium types: 
a. Red colored P. polychromogenus, P. asteroides; 
b. Yellow colored P. paraffinae. 
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TYPE II. NON ACID-FAST 8 PROACTINOMYCES 


The non acid-fast forms, possessing diastatic and proteolytic 
properties and unable to use paraffin as the sole source of carbon 
were represented in this study by 10 strains. The origin of the 
strains is as follows: 


3072. Unidentified (N. J. Collection). 

3376. A. maculatus Millard and Burr. 

3377. <A. salmonicolor Millard and Burr. 

3308B. ‘“‘A. asteroides,”’ obtained from Dr. Broadhurst in 1936. 
3322B. “A. fradii,’’ obtained from Bucherer, Holland, in 1935 
3382,° 3383, 3393, 3395, 3396. (P. flavescens 


The organisms here studied do not constitute an entirely 
homogeneous group and on casual examination would be con- 
sidered as distinct and separate species. However, if the course 
of development is watched closely, it will be noted that the differ- 
ences between them are more a matter of rate of development 
than of any qualitative differences between the strains. A case 
in point concerns the strains 3072, 3376, and 3382. On starch 
agar all three were identical and remained throughout their 
growth deep flesh-colored orange. On Czapek’s synthetic me- 
dium they were identical in appearance for about five days, at 
which time 3376 began to show traces of black pigment until 
at 20 to 25 days the growth was almost entirely black except for 
a narrow margin of the original orange. Throughout its growth, 
3072 remained orange, while 3382 showed an irregular black 
pigmentation (appearing among some of the replicates but not 
among others), which began at about the 7th to 8th day and was 
not complete for 30 to 40 days. Even such differences as those 
noted here were not constant since on continued repetition of the 
experiment it was noted that the black pigmentation was not a 
character of the strain, but seemed to be related to some other 
cause. For example, subcultures from the black form on the 
same media showed no trace of the black pigment for at least 40 
days but retained its original characteristic orange; this was true 
of 3382, which indeed very rarely showed black pigmentation. 

* Cultures 3382 to 3396 were isolated from Zuidersee soils and sent to Dr. 
Waksman for identification by Dr. Westerdijk. 
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These variations in pigment production are not explainable at 
present, but they serve to confuse any system of classification 
unless they are specifically noted. Further, the actual shade of 
the orange pigment may vary with the different strains, but the 
general type of pigment was easily recognized. 

In table 3, the characters of the strains examined are sum- 
marized; the same remarks apply as indicated for table 2. Jen- 
sen divided the group as follows: 


Non-acid-fast organisms, constantly diastatic: 
1. Non-proteolytic, no aerial mycelium: P. mesentericus; 
2. Proteolytic: 
a. Rapid growers, broth turbid P. actinomorphus; 
b. Slower growers, broth clear P. flavescens. 


The same remarks apply to this separation as to the similar 
one for acid-fast forms and a suitable modification appears to be 
the following: 


Non-acid-fast forms, constantly diastatic: 
1. a mycelium types; 
a. Non-proteolytic P. mesentericus, 
b. Proteolytic P. actinomorphus, 
2. 8 mycelium types: 
a. Yellow colored P. flavescens, 
b. Red to orange (tendency to blacken) P. maculatus, n. sp. 


The strains here studied are included under the term Proacti- 
nomyces maculatus since the original Actinomyces maculatus 
strain of Millard and Burr (1926) is typical of the group. These 
strains are more closely related to Actinomyces salmonicolor 
M & B, but the name Proactinomyces salmonicolor has been 
preempted. Actinomyces maculatus M & B is described as facul- 
tatively anaerobic, though the original strain of that organism 
does not now possess that character, and, in fact, is indistinguish- 
able from Actinomyces salmonicolor. The description of the new 
representative of the species is as follows: 


Filamentous organisms possessing a tough shiny colony which is 
cartilaginous, rarely producing aerial mycelium though in certain 
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strains it may occur frequently. In the young colony an orange (vary- 
ing from orange-yellow to orange-red) intercellular pigment is produced 
on all media, which may or may not change to black as the culture 
ages. The organisms hydrolyze starch and gelatin, do not utilize 
paraffin, do not digest milk, are non-acid-fast, and retain their mycelium 
form for long periods. 


This species is designated as Proactinomyces maculatus (Mil- 
lard and Burr) Nov. Comb. Umbreit. 

Because of the variations in rates of growth and in pigment 
production, which has been noted earlier, further studies with 
representatives of the group were undertaken in an attempt to 
establish the factors responsible. While the attempts were 
unsuccessful, some of the information secured is of interest. 
Traces of certain metals, namely Cu, Fe, Mn, B, Mo and Va, 
were added to the basic medium (Czapek’ssucrose-nitrate medium), 
in amounts equivalent to 1 mgm. of the metal per liter. The 
general technique in this and other growth experiments was to 
inoculate (usually in triplicate) a liquid medium with a suspen- 
sion of the organism. After incubation (usually 2 to 3 weeks), 
the growth was weighed by filtering through weighed filter paper, 
drying at 80°C. for 24 to 48 hours and noting the increase in 
weight. In the case of the metals noted above the growth was 
never greater than that of the untreated control. Various types 
of extracts from manure, plants, fresh Rhizopus mycelium, cells 
of actinomycetes, germinated wheat, etc., sterilized either by 
heat or by filtration gave no increases in yield of cells and no 
indications of increasing the growth rate. The C/N ratio of 
the medium was varied without influencing the growth until 
limiting amounts of either nitrate or sucrose were reached. Since 
it was noted that growth in general seemed better on agar media 
than on the corresponding liquid media and since additions of 
small amounts of agar had no effect, it was thought possible that 
the surface available might be a factor in growth. Several 
experiments were conducted using glass beads, washed sand, 
asbestos and glass slides to provide surface. While occasionally 
an increase in growth was obtained by these measures, the results 
were inconsistent and seemed to point to surface as operating 
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indirectly through perhaps the O/R potential. Additions of 
reducing agents inhibited growth (cysteine and reduced iron were 
used) but in liquid media additions of potassium permanganate 
(final concentration M/100, M/1000) increased the rate of growth 
slightly. Aeration of the media with air inhibited growth, so 
that it was considered that free oxygen, high O/R potential, and 
surface (at least in an undisturbed medium) were necessary. 
Shake cultures using glucose or starch as an energy source with 
additions of oxidizing agents (KMnQ,, M/100, M./1000, \1/10,000 
final concentration; K,;Fe(CN),. 1/100, 1/1000/0; Fe citrate 1/10, 
1/100, 1/1000) yielded growth only at the surface, and the actual 
amount of growth did not differ significantly from the controls. 
These results emphasize the necessity of free oxygen. 

Various nitrogen sources were also studied. The compounds 
listed below were added in amounts to give 0.3 gram N /liter. 
NaNO; was the best source of nitrogen, followed by glutamic 
acid, egg albumin, zein, urea, leucine, dried blood, aspartic acid, 
alanine, ammonium sulfate, ammonium lactate, tyrosine, phenyl- 
alanine, casein, in the order given. No growth was obtained 
(strain 3382) on acetamide, caffein, l-cystine, hippuric acid, or 
keratin and only traces on glycine. In all the experiments 
reported here the organism maintained its original orange pig- 
ment so that no information was gained as to the cause of black- 
ening. The general course of development of the strains in this 
group may be briefly described as follows: 

On Czapek’s agar the strains show pigmentation, in from 2-5 
days, on other media usually within 3 days; the pigment is usually 
flesh color with no trace of black. The mycelium remains with- 
out appreciable fragmentation for 20 to 30 days. Aerial myce- 
lium is seldom present, and if present is likely to appear within 
the first ten days. For some unknown reason, occasionally a 
sub-culture will grow very slowly while another will grow rapidly. 
This could not be related to any factor except the amount of 
inoculum, which is difficult to control. 

For groups of organisms where such inconsistent differences 
appear, it is necessary to study the entire course of development 
over a period of time, to include several replicates, and to repeat 
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the studies periodically. Culture 3396 seems to resemble Pro- 
actinomyces flavescens though physiologically it is indistinguish- 
able from the others. 


SUMMARY AND CONCLUSIONS 


An examination of several well-defined species and many un- 
identified organisms belonging to Proactinomyces of Jensen has 
shown that: 

1. The criteria for separation of the group from Actinomyces 
proper (the absence of spore formation) is a valid one. 

2. Because of the difficulty of determining and defining myce- 
lium formation, the lower limits of the group are not adequately 
distinguishable from the closely related Corynebacterium or 
Mycobacterium. 

3. Within the Proactinomyces two groups are distinguishable. 
These have been separated as follows: (a) a Proactinomyces, 
characterized by short unstable mycelium, “soft’’ bacteria-like 
colony, diffused bacterial growth in liquid media. (b) 8 Pro- 
actinomyces, characterized by long stable mycelium, ‘“hard’’ 
Actinomyces-like colony, typical Actinomyces (colony) growth 
in liquid media. The validity of the diagnostic features is 
discussed in detail in the text. 

4. The “stable” mycelium type (8) was studied more closely 
and it is shown that a further separation on the basis of partial 
acid-fastness is possible. Slight modifications of the present 
separations appear desirable and a further description and emen- 
dation of the species Actinomyces maculatus Millard & Burr is 
given. A transfer of this species to the genus Proactinomyces 
is proposed; e.g. Proactinomyces maculatus (Millard & Burr) 
Nov. Comb. Umbreit. 


The author takes this opportunity of expressing his indebted- 
ness to the several workers who aided materially in the work 
through contributions of cultures or criticisms of the manuscript, 
and especially to Professor 8S. A. Waksman without whose con- 
tinual guidance little could have been accomplished. 
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SOME SEROLOGICAL RELATIONSHIPS OF THE 5, R, 
AND G PHASES OF BACILLUS SALMONICIDA! 


D. C. B. DUFF 


Department of Bacteriology and Preventive Medicine, The University of 
British Columbia, and the Pacific Biological Station 


The cultural and pathogenic characteristics of British Columbia 
strains of Bacillus salmonicida have been recorded (Duff and 
Stewart, 1933), and the 8, R, and G variants of the microérgan- 
ism were later described (Duff, 1937). The present report deals 
with the application of reciprocal agglutinin absorption methods 
in an attempt to discover the serological connections between the 
S, R, and G phases. The work has been designed to elicit both 
the relationships existing between the variants recovered from 
individual strains, and also those existing between the variants 
of different strains. 

A total of 19 British Columbia strains have been examined. 
Of these, 8 have been subjected to full reciprocal tests (Krum- 
wiede, Cooper and Provost, 1925); the remainder have been 
tested in respect only to their agglutinability by suitably ab- 
sorbed antisera. 


EXPERIMENTAL 
Origin of variants 


The S$, R, and G variants were obtained by subjecting stock 
cultures (usually R) to serial growth in 0.25 per cent lithium 
chloride broth (Hadley, Delves and Klimek, 1931; Duff, 1937). 
The colonial distinction between the R and § dissociants was 
found to be most marked when platings from the broth series 
were made upon peptone-meat extract medium containing 1.5 
per cent sodium chloride and 0.8 per cent agar. G-phase cultures 


1 Presented before the Society of American Bacteriologists, August, 1938. 
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were best recovered from platings on a medium containing the 
same nutrient base plus 0.5 per cent sodium chloride and 1.5 
per cent agar. The use of two media for plating was adopted 
solely in order to facilitate rapid isolation. It should be noted in 
this connection that all three dissociants are culturally distinct 
upon any one of the usual laboratory media (Plate I). 


Antigen and antiserum production 


Immediately prior to antigen production, single-cell cultures of 
the 5 and R variants were obtained, only 2 transfers intervening 
between the growth from the single cell and the mass antigen 
culture. All antigens were grown on nutrient agar at approxi- 
mately 22°C., washed off in saline suspension, and preserved 
with 0.2 per cent formaldehyde. S and R cultures were harvested 
at 48 hours, G cultures at 6 days. Precaution was taken to obvi- 
ate the presence of agar particles in the preparations. Antisera 
were prepared by inoculation of rabbits by the intravenous route. 


Salt-stability 


Blake and Anderson (1930) considered saline suspensions of 
B. salmonicida to be so susceptible of spontaneous flocculation 
that they could not apply agglutination methods in the serological 
examination of the organism. With 19 British Columbia strains 
of the organism we have consistently obtained stable suspensions 
of all pure 8 and G phase cultures in 0.8 per cent sodium chloride. 
The R phase cultures, while readily auto-agglutinable in salines 
down to 0.2 per cent, form satisfactorily stable suspensions in 
0.05 per cent sodium chloride. This concentration of electrolyte 
appears still sufficient to permit completion of specific agglutina- 
tion, since the final titre of an S strain in 0.05 per cent saline is the 
same as its titre in 0.8 per cent saline, when titration in both cases 
is carried out by incubation at 37°C. for 4 hours, followed by 
overnight storage in the ice-box. All 8 G-phase suspensions 
employed were peculiar in behaving in a manner the reverse of 
R suspensions (table 1). They were therefore always titrated 
in 0.8 per cent saline. 
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Absorbing doses 


Minimal absorbing doses for S and G cultures were always 
between 1:10 and 1:5 (volume of packed cells: 1/10 antiserum), 
whereas the value for R cultures was never less than 1:2. This 
observation is in agreement with those of Teague and \ieWilliams 
(1917) and of Krumwiede, Cooper and Provost (1935), who noted 
that the R or spontaneously-sedimenting strains of various 
bacterial species showed an agglutinin-absorbing capacity con- 
siderably lower than that of corresponding 8 strains. 


Reciprocal absorptions between variants within single strains 
The technique followed with all sera was that of absorption 
with a low multiple of the minimal absorbing dose, followed by 
TABLE 1 
Salt stability of variants of B. salmonicida 


FLOCCULA- FLOCCULATION IN NaCl] CONCENTRATIONS 


STRAIN PHASE On CP \ras Cams 
DISTILLED 

WATER 0.08 01 0.25 08 as 
SP 2 Stock, chiefly R - tr 4 24 24 
SP 2 R — } 34 +4 4-4 
SP 2 S 
MGS 7 G (unstable) ? ; 
GS 5 G (stable) 34 24 94 


titration of the absorbed serum. Absorptions were carried out 
for 4 hours at 37°C. followed by icebox storage overnight. Table 
2 illustrates a typical result with B. salmonicida strain CL 6. 
Considering first the R and 8 interconnections, five strains, 
CL 6, CL 11, SP 5, SP 13, ER 2, were found to possess essentially 
the same antigenic relationship between the R and 8 phase cul- 
tures as has been illustrated for strain CL 6. In these strains 
the R cells of any given strain appear to possess an antigen or 
antigens not present in S cells of the same strain. ‘The antigenic 
situation may be represented in symbols as, R S +n. For 
convenience B. salmonicida strains so constituted may be termed 
Group I strains. This relationship was not however found to 
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hold for certain other strains. Three strains, CL 3, CL 4, SP 9 
(Group II) displayed a different antigenic picture, in which the 


TABLE 2 | a 
Reciprocal relationships of the R, S, and G variants of B. salmonicida, strain CL 6 
ABSORPTION yo ag DILUTIONS OF ABSORBED SERUM 

ANTISERUM Cee eee | 1:40 | 1:80 | 1:160 | 1:320 | 1:640 (1:1280 |1:2560 1:5120| C 
R s R |3+/3+/3+/2+/ -|/-|}-|-]|- 
8S R Ss - — _ _ _ — _ _ _ 
R G eee ee eee ee ee ee ee 
G R ee 3+ | 2 HeLeditelewla ij «_f — 
S G 8 + |2 2+ |/2+/ - ~ - - 
G 8 G |38+/294+/4+/)/-/-|/-/|;-|-]- 
R R R ~ _ _ _ - - - -_ _ 
hs] 5 NS) — _ _ _ = —— - “ 
G G G -~ _ —_ — - o- - os = 
R (unabsorbed) R i+ | 4+ | 4+ | 34+ /2 24+ | + 4 ‘ie 
S (unabsorbed) 8 4+ | 3+ | 2 2+ | 2+ | 2+ | 2+) - - 
G (unabsorbed) G 4+ | 34+ | 34+) 2+ 2+) +] + ‘a Ses 


TABLE 3 
Reciprocal relationships of the R, S, and G variants of B. salmonicida, strain CL 8 


CELL sus- | 


ABSORPTION PENSION DILUTIONS OF ABSORBED SERUM 
FOR TITRA- 
antmenum cuss TIon | 1:40 1:80 1:160 | 1:320  1:640 | 1:1280! 1:2560 1:5120 1:10240) Cc 
R 8 BR tetielelejaja|]«j<«f « | ow 
s R Ss 3+| 3+) 34+ /3+/2+)/ —-| —-| -—-| -]|] - 
R G R | 9+1 8+ 8+ | 84+ 194+) —-/1| —/| -/ - | - 
G R G 3+| 3+) 8+ | 3+ | 2+ | 2+ | 2+] - | - | - 
s G s $4194 + 1 +i ee 1 e- | —- |] — |] = | | 
G 8 G 2+/ 3+) 3+ | 3+ | 2+ | 24+/24+/ —}| -—] - ‘ 
R R R -{-|/-/-/|}/-;-}-]/-J-]- ' 
i... i s ie hw fw hei ae bowed ww be 1 oe 
G G G otal ef oe | of oe | _ 


R (unabsorbed) R 4+ 3+ 34+ 4+ | 4+ /4+ 44 / 24+ /2 
S (unabsorbed) Ss 4+ 4+)> 34+ | 34+ | 34+ | 34+ | 34+ |) 2+) + - 
G (unabsorbed) G 4+ 4+ 44+ | 44+ | 4+ | 34+ 34 | 2+ _ 


S cells possessed an antigen or antigens not present in the cor- 
responding R cells, or, 8; = Ri + n:. A summary of the absorp- 
tion findings for Group II strain CL 3 appears in table 3. 
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Typing of additional strains 


It proved impracticable to extend full reciprocal analysis to 
further individual strains of Bacillus salmonicida. At the same 
time it was of definite interest to know whether other strains 
would all fall into one or other of the serological groups (in respect 
of the R and § relations) so far established for an admittedly 
small number of strains. A tentative method for testing new 
strains was therefore devised. The method is based on an ob- 
servation on the relationship existing between the ‘‘n” antigen 
complex of Group I strains (found only in R phase cells) and the 
‘‘n,”’ complex of Group II strains (found only in S phase cells). 
Experiments leading to this observation had been designed to 
discover whether the ‘‘n” antigen of the R cells of strain CL 6 
was shared by the R cells of the remaining strains of Group I. 
That is, while the relationship R = S + n had been shown to 
hold for any given strain in Group I, it had not yet been demon- 
strated whether the antigen labelled ‘‘n”’ differed in nature from 
strain to strain within the group, or whether it remained antigeni- 
cally identical in all 5 strains. There was also the question as to 
the antigenic similarity, or lack of similarity, between the n 
antigen of the R cells of Group I strains and the n, antigen of the 
8 cells of Group II strains. 

It will be seen that absorption, using homologous § cells, of an 
antiserum made against the R cells of any one strain selected 
from Group I yields what may be termed a “monovalent n”’ 
antiserum. A serum of this character was prepared by absorbing 
an antiserum made against R phase cells of strain CL 6, with 8 
phase cells of the same strain. The absorption was carried out 
twice, each time using 2 times the minimal absorbing dose of 5 
cells. (The minimal absorbing dose was 1:2, therefore 1 part 
1:9 immune serum was added to 1 part of packed cells, mixed, 
allowed to absorb, then centrifugalized. The supernatant was 
withdrawn and again added to an equal volume of packed cells. 
Absorption and centrifugalization followed, giving a _ twice- 
absorbed antiserum of approximately 1:10 dilution.) 

Table 4 records the agglutinability of all strains under the 
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influence of the CL 6 monovalent n antiserum. These results do 
not necessarily prove the complete identity of the CL 6 n antigen 
with the n antigen of the remaining Group I strains or with the 
n, antigens of the three GroupI I strains. They do, however, 
demonstrate that this antigen is common to the R cells only of 
all Group I strains and to the S cells only of all Group II strains. 
This finding would therefore seem to act not only as a check on 
the validity of creating the two antigenic groups, but also as an 
extension of the fundamental significance of the grouping. 


TABLE 4 
Agglutination of R and S phases of group I and group II strains by CL 6 monovalent 
N serum 


croup I croup II 
PHASE a 
CL6 cCLil SP 5 SP 13 ER2 CL3 CL4 SP 9 
R , 160* 160 sO 160 80 - - — 
8 - ? — - - 80 40 80 


* Figures represent the highest serum dilution giving 2+ agglutination after 
37°C. incubation for 4 hours, read after overnight icebox storage. 


TABLE 5 
Grouping of B. salmonicida strains by means of agglutinaticn with monovalent 
N serum 
PHASE CL7|CL8 CL10! SP1'SP3,SP4/SP12' SP19 SP 22, ER1 (| ER5 
R 160*, 80 — | 80; — | 160 160 40 80 | 160; 160 
8 - — |160| — | 320; - _- - - _ _ 
Group I I II I II I I I I I I 


* As for table 4. 


On the basis of these findings, a number of other B. salmonicida 
strains were tested in respect of the agglutinability of their R and 
S phase cells by CL6 monovalent nserum. The Rand § variants 
were obtained from 11 strains by the methods already described. 
Their reaction to the absorbed serum is presented in table 5. 
It will be noted that in all cases, agglutination occurred in either 
the R cell suspension or in the § cell suspension, but never in both. 
The method of grouping therefore remained valid for these strains. 
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Antigenic relationship of the G variant to R and S variants 
g 


The G phase cultures examined comprise only those derived 
from B. salmonicida strains Nos. CL 3, CL 4, CL 6, CL 11, SP 5, 
SP 9, SP 13, ER 2. Reciprocal absorptions were carried out 
using G cells and G antiserum against cells and serum of the 
corresponding R and § phases. With all strains, the so-called 
partial-partial absorption presented itself. Typical examples 
are given in tables 2 and 3. This type of absorption result 
might be taken to mean that the G phase cell is composed in part 


TABLE 6 


Reciprocal absorption between G phases of 3 strains of B. salmonicida 


ABSORPTION CELL 8SUSPEN- DILUTIONS OF ABSORBED BERUM 
SION FOR 
ANTISERUM cnane TITRATION | 4:40 | 1:80 1:160 /1:320 '1:640 1:1780 | 1:2560 1:5120 C 
'G-CL 6 G-CL6/|-|-'- | -' | - 
G-CL6 (G-CL3 G-CL6 | 2+/+/)-|-|- - 
(|G-SP 2 G-CL6 | 2+' +/+ )/-j- _ 
|G-CL 3 G-CL3 |-|-j|- | - - - - - - 
G-CL3 {G-CL6 G-CL3 |} -|}-|'-/|- | - - - - 
\G-SP 2 G-CL3 | -/|-/|-/|- - - _ : -- 
|G-SP 2 G-SP2 |}-|-;|;-(\/-|- - - -- 
G-SP 2 {G-CL6 G-SP2 | 2+/+/-/|- -|- 
(\G-CL 3 G-SP2 2+) 2+ +!- §- _ 
G-CL 6 (unabsorbed) G-CL6 | 4+ 3+) 34+ 24+ 24+ 4+ + 
G-CL 3 (unabsorbed) G-CL3 | 2+) 3+, 34+; 3+ 2+ 2+ + + j- 
G-SP 2 (unabsorbed) G-SP2 | 4+ 4+) 3+ 2+ 2+ 24 + - 


of an individual G antigen or antigen complex, and in part of an 
antigen or antigens common to itself and to the R and § cell of 
the same strain. There is an alternative possibility which will 
be referred to later. 

Reciprocal absorptions were further carried out between the 
G phases of strains CL 3, CL 6, and SP 2. The results, recorded 
in table 6, show a high degree of antigenic similarity. 


DISCUSSION 
It must be remembered that the absorption technique employed 
in these experiments serves only to discover qualitative antigenic 
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differences between the culture variants in question. The use of 
multiples of the minimal absorbing dose enables one to say that 
two cultures possess (or do not possess) a particular antigen in 
common. One is not able however to gain knowledge as to the 
relative amount of a common antigen which is shared by two or 
more cultures. For instance, in Group I B. salmonicida strains, 
no attempt can be made to say what proportion of the R cell 
consists of S antigen. Problems of this type are discussed by 
Krumwiede, Cooper and Provost (1925) in relation to the anti- 
genic constitution of variants of a single species. Wilson and 
Miles (1932) developed a successful technique in connection with 
the differentiation of smooth strains of Brucella melitensis, 
Brucella abortus, and Brucella suis, all of which appear to possess 
identical antigens but in varying proportions. Work of this 
nature does not come within the scope of the present report. 

Due to the comparatively small number of individual cultures 
examined, no claim is made that all strains of B. salmonicida 
will necessarily fall into two serological groups, in respect to the 
location of the n antigen in the R or in the § phase of the strain 
under consideration. It is, however, interesting that the 19 
strains so typed were selected at random from 45 individual 
strains of the organism, all of which were obtained from different 
fish from three different localities. The origin of the culture did 
not appear to be a deciding factor in this method of grouping. 
All CL strains were obtained from an epizootic at Cultus Lake, 
British Columbia. Of these, 4 fell into Group I, 3 into Group II. 
All SP strains originated in Stanley Park, Vancouver, and of 
these 7 typed as Group I and 2as Group II. The three ER (Elk 
River, B.C.) strains all typed as Group I; this could obviously be 
a matter of chance. 

In interpreting the results of the reciprocal absorptions of G 
variants with the homologous R and 8 cultures, Dubos (1938) 
has suggested that it does not necessarily follow that the G cells 
possess an individual antigen not shared by the corresponding R 
and § cells. One could alternatively postulate a “masking” 


condition in the R and § cells, so that an antigen common to all 
three variants, possibly of a deep somatic nature, would be over- 
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laid in the R and § cells by antigens situated on or near the sur- 
face. ‘This point is of considerable interest, and work based on 
Dubos’ methods of controlled hydrolysis has been planned to 
elucidate the situation. 

The antigenic picture brought out by the absorption methods 
described fails to account for the difference in pathogenicity of 
the variants. Culturally true 8 variants of both Groups I and 
II are, or can readily become, pathogenic. All R and G variants 
are without exception non-pathogenic. 


SUMMARY 


1. Examination of the antigenic relationship of the 8, R, and 
G variants of 8 strains of Bacillus salmonicida has been made by 
the method of reciprocal agglutinin absorption. In 5 strains 
(Group I) the R and § relationship may be briefly presented in 
the form R = 8 + n, and in 3 strains (Group II) in the form 
S, = Ri + nm. 

2. The n antigen of R cells of strain CL 6 is present in the R 
phase only of Group I strains, and in the 8 phase only of Group 
II strains. 

3. A further 11 strains were typed on the basis of the agglutin- 
ability of their S or R phases by a monovalent absorbed serum 
containing antibody to the n antigen of strain CL 6. Nine 
strains showed agglutination of R cells only and were thus as- 
signed to Group I. Three strains showed agglutination of S cells 
only, and were placed in Group II. 

4. Pathogenicity is not correlated with the antigenic picture 
elicited by the absorption methods used in these experiments. 
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PLATE 1 


Fic. 1. B. salmonicida, 24 hours; R colonies white, S colonies gray. 
Fics. 2 and 3. B. salmonicida; 48 hours; R colonies white, S colonies gray. 


Fic. 4. G colonies, 6 days. 
All photographs X 1; oblique transmitted white light with red filter on camera 
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LES CILS CHEZ LES SACILLES APPARTENANT AU 
GROUPE DES FUSIFORMIS 


W. N. KAZEEFF 
Received for publication February 4, 1939 


Parmi les trois bacilles appartenant au groupe des fusiformis 
Fusiformis dentium Hoelling, Fusiformis nucleatus et Fusiformis 
polymorphus, c’est le Fusiformis dentium Hoelling qui intéresse 
surtout les bactériologistes & cause de son pouvoir pathogéne 
dans l’angine de Vincent et dans d’autres infections. 

Les avis des bactériologistes sur la mobilité et en conséquence 
sur la présence de cils chez ce bacille se trouvant partagés, nous 
avons étudié plusieurs prélévements directs de l’angine de Vin- 
cent provenant de divers malades. 

Aucun de ces prélévements directs, émulsionné immédiatement 
et coloré ensuite par des réactifs méme propres 4 la coloration de 
cils ne nous a montré les Fustformis dentium Hoelling munis des 
cils. 

Un jour ayant effectué le prélévement d’une angine de Vincent 
et manquant de lames rigoureusement propres, |’idée nous est 
venue d’essayer de conserver le prélévement en question dans 
des conditions suivantes. Nous avons mis 4 ou 5 gouttes de 
sérum physiologique dans un tube stérile dans lequel nous avons 
placé l’écouvillon portant le prélévement et aprés avoir bouché 
avec du coton et capuchonné le tube nous l’avons placé a l’étuve 
i 37° pendant 15 heures. Ensuite nous avons porté directement 
une parcelle du prélévement sur une lame rigoureusement propre 
par contact du coton d’écouvillon. Cette parcelle étant 
ensuite immédiatement étalée comme un frottis de sang nous 
avons procédé a la coloration par la méthode classique de Tri- 
bondeau-Fontana (mordangage A chaud par le tanin A 5%, et 
coloration 4 chaud par la solution de Fontana contenant 5% de 
nitrate d’argent). 
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L’examen au microscope des lames ainsi colorées nous a montré 
i cété des Borrelia vincenti de nombreux Fusiformis dentium 
Hoelling munis des cils peritriches, comme le montrent nos 
microphotographies. Ces cils ont un tout autre aspect et, comme 
nous le supposons, une toute autre constitution que les cils 
propres 4 la plupart de microbes tant aérobies que anaérobies. 
Sur chaque Fusiformis dentium Hoelling cilié on rencontre 
généralement un certain nombre de cils plus épais A c6té d’autres 
cils moins épais. Ces gros cils beaucoup plus épais prés du 
corps du bacille s’effilent de plus en plus pour se terminer par 
un bout acéré. Tous ces cils surtout ceux plus épais sont moins 
flexueux que ne le sont généralement les cils bactériens et par leur 
aspect il ressemblent aux tentacules d’un poulpe plutét qu’aux 
cils bactériens. D/’ailleurs le fait qu’ils prennent suffisamment 
la coloration par le réactif de Tribondeau-Fontana pour lequel 
tous les cils bactériens communs restent réfractaires nous semble 
parler en cette faveur. 

Nous ne nous sommes pas préoccupés spécialement ni de Fusi- 
formis nucleatus ni de celui Fusiformis polymorphus. Cependant 
comme ces deux bacilles se trouvent toujours comme saprophytes 
dans toute cavité buccale, nous les avons rencontrés tant dans 
des prélévements de l’angine de Vincent que dans ceux de la 
cavité orale saine. 

Fusiformis nucleatus. Ce saprophyte vulgaire de la cavité 
bueeale qu’on rencontre inévitablement dans toute salive pos- 
séde aussi des cils peritriches. Coloré par le procédé de Tribon- 
deau-Fontana, il se présente généralement sous l’aspect d’un 
petit batonnet munis d’un cil soit terminal, soit latéral (fig. 2 et 
4). Cependant on peut rencontrer rarement ce bacille portant 
2, 3, 4, et méme plus de cils analogues A ceux de Fusiformis 
dentium Hoelling. 

Disons en passant que nous avons rencontré ce bacille toujours 
cilié dans des excréments humains colorés par le procédé propre 
4 la coloration de cils bactériens. 

Fusiformis polymorphus. Bien que nous ayons rencontré par- 
fois sur nos préparations des bdtonnets fusiformes dont la 
longueur dépassait celle de Fusiformis dentium Hoelling et portant 
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des cils pareils comme chez ce dernier (fig. 5), nous nous abstenons, 
par prudence, d’affirmer s’il s’agissait vraiment d’un Fusiformis 
polymorphus ou d’un assemblement de deux Fusiformis dentium 
Hoelling. 


CONCLUSIONS 


Le Fusiformis dentium Hoelling et le Fusiformis nucleatus sont 
munis des cils peritriches; ils sont donc en conséquence mobiles. 
Leurs cils se colorent 4 l’encontre des cils communs bactériens 
par la méthode de Tribondeau-Fontana. Ce fait ainsi que leur 
aspect microscopique permettent de supposer que ces cils sont 
d'une constitution autre que celle de cils communs bactériens. 

Quant au Fusiformis polymorphus, bien que certains indices 
permettent le considérer également comme cilié, aucune preuve 
irréfutable n’est recueillie par nous pour maintenir cette 
affirmation. 
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PLATE 1 
Fic. 1. QUATRE FustrORMIs DENTIUM HOELLING PARM!I BORRELIA VINCENTI 
Fic. 2. FustrorRMiIs DENTIUM HOELLING (BN Bas Et A Gaucae) eT Bac. Fusi- 
FORMIS NuUCLEATUS (EN Haut ert A Droire) 
Fic. 3. FustroRMIs DENTIUM HOELLING ET BORRELIA VINCENTI 


Fic. 4. Trois FusirorMis DENTIUM HOELLING ET UN Bac. FusIFORMIS-NU- 
CLEATUS (Pius Petir PortTant un Cit LATERAL) 
Fic. 5. Cine FusitrorMIs DENTIUM HOELLING PARMI BORRELIA VINCENTI 
Le sixiéme gros batonnet cilié (au milieu et en bas) semble étre Fusiformis 
polymorphus. 
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Srupiges ON A PRESUMABLY NON- 
PATHOGENIC, Acip-Fast MuicRo- 
ORGANISM FREQUENTLY PRESENT IN 
THE TONSILLAR TISSUE OF SWINE. 
A. G. Karlson and Wm. H. Feldman, 
The Mayo Foundation, Rochester, 
Minnesota. 

One tonsil from each of 47 swine with 
gross lesions of tuberculosis was 
examined; fourteen yielded avian tu- 
bercle bacilli. From thirteen, a 
rapidly-growing saprophytic acid-fast 
microorganism was isolated. A similar 
number of tonsils of grossly non- 
tuberculous swine yielded avian tuber- 
cle bacilli in eight cases; saprophytes 
were recovered from eleven. 

The studies indicate that the twenty- 
four strains of saprophytic acid-fast 
bacilli are identical. They develop 
rapidly on glycerinated mediums form- 
ing a pasty, gray or cream-colored, 
rough growth. On liquid mediums a 
heavy crinkled pellicle which finally 
sinks is formed. They do not use 
glucose, lactose, sucrose, sorbitol, 
mannitol, arabinose, levulose, trehe- 
lose or galactose as the sole carbon 
source on Merrill’s medium. Glycerol 
is utilized with acid formation. Opti- 
mum growth occurs at 38°C. No 
growth occurs at 47°C. They fail to 
survive an exposure to 60°C. for an 
hour. 

They produce no demonstrable dis- 
ease in calves, chickens, rabbits or 
mice. In these animals no sensitivity 


to tuberculin or homologous cultur« 
filtrates was detected 
infrequently 


Guinea pigs 
developed an abscess 
following subcutaneous injection of 
large doses and a transitory sensitivity 
to avian tuberculin and homologous 
culture filtrates was demonstrated 
Agglutination studies indicate that the 
strains are antigenically alike and that 
they have antigens in common with 
Mycobacterium avium and Mycobac 
lerium phlei. 


CARBOHYDRATE METABOLISM OF AERO 
BACILLUS SPECIES—A PRELIMINARY 
Report. R. W. H. Gillespie, Assist- 
ant Professor of Bacteriology Uni 
versity of South Dakota 
A study was made of the degradation 

of glucose by Aerobacillus macerans 

and Aerobacillus polymyza. Cultures 
of several strains of each species were 
incubated, aerobically and anaerobi- 

in 1.0% 


and 1.5% glucose extract broth. The 


cally, for 4 to 5 days at 37°C 


cultures were then analysed quantita- 
tively for residual reducing sugar, for 
volatile and non-volatile acids, and for 
alcohol. 

A. polymyza appears to utilize 
glucose more rapidly and completely 
than A. macerans. Volatile and non- 
volatile acids appear to accumulaté 
more extensively in the A. macerans 
cultures. Alcohol was found in larger 
quantities in the A. polymyza cultures. 

Thus, the results indicate that the 
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degradation of glucose proceeds differ- 
ently, in rate, at least, in cultures of 
the two species. An attempt is to be 
made to correlate differences in carbo- 
hydrate metabolism with previously 
observed differences in oxidation- 
reduction potential which characterize 
the species. 


RESPIRATORY Factor FoR R#IZOBIUM. 
R. H. Burris and P. W. Wilson, 
University of Wisconsin. 


ADSORPTION OF SULFANILAMIDE IN THE 
PRESENCE OF Prprone. Robert E. 
Hoyt and Milton Levine, University 
of Minnesota. 


A Division or THE ALFALFA Cross- 
INOCULATION Group CORRELATING 
EFFICIENCY IN NITROGEN-FIXATION 
wits Source or RHIZOBIUM MELI- 
Loti. J. C. Burton and L. W. 
Erdman, The Nitragin Company. 


Errect OF WorRKING BUTTER ON THE 
GrowTs or Bacteria In It. H. F. 
Long and B. W. Hammer, Iowa State 
College. 

The effect of working butter on the 
growth of bacteria has been reported 
previously. As judged by the rate of 
growth, time of appearance of defects, 
changes in pH of butter serum and 
changes in the acidity of fat of butter, 
organisms are more active in under- 
worked than in thoroughly worked 
butter. 

Recently the effect of reworking 
butter on the growth of bacteria was 
studied in an attempt to explain the 
deterioration that sometimes occurs 
under commercial conditions when 


butter is reworked or when it is printed 
in a special type of butter printer. 
Portions of under worked and moder- 
ately worked butter made experimen- 
tally from pasteurized cream inocu- 
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lated with various pure cultures of 
organisms were held several days at 
approximately 10°C. before reworking 
In reworked butter the organisms in- 
creased more rapidly and defects 
appeared more quickly than in the 
control butter which was not reworked. 
In reworked butter containing butter 
culture the pH of the serum decreased 
more rapidly and reached lower final 
values than in the control butter while 
in reworked butter containing a 
lipolytic organism acid numbers of the 
fat were higher than in control butter 
which was not reworked. 


BacTERIOsTAsIs Dug TO SULFAPYRI- 
DINE. Robert E. Hoyt, Kenneth J 
Johnson and Milton Levine, Uni- 
versity of Minnesota. 


Errect or Biotin CONCENTRATES ON 
Growth oF Ru#izopium AND Re- 
LATED Species. P. M. West and P. 
W. Wilson, University of Wisconsin. 
Biotin concentrates were found capa- 

ble, at three hundredths of a gamma 

per ml., of replacing the stimulative 
effect of yeast extract on the growth of 

Rhizobium trifolii 205. A survey of the 

effect of this preparation on various 

species of Rhizobium and related forms 
was made to determine whether this 
same growth factor was required in all 
cases for maximum development. All 

“‘fast-growers’’ responded to the biotin 

concentrate with the exception of a few 

strains which grew well without the 
factor and no better in its presence. 

Rhizobium lupini responded well, but 

no strains of “slow-growers’’ of the 

soybean or cowpea groups showed 
stimulation even if high levels of biotin 
concentrate were added. Phytomonas 
tumefaciens, Achromobacter radiobacter 
and two species of Azotobacter grew 
well in the carbohydrate mineral salts 
base medium and remained unaffected 
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by biotin additions, ‘“‘Coenzyme R” 
preparations tested in place of biotin 
concentrates at fifty gammas per ml. 
gave similar results throughout. Azo- 
tobacter, due to its ability to synthesize 
the growth factor for R. trifolii 205 
showed no response to the biotin 
concentrate. 


NoTE ON THE PREPARATION OF ACTIVE 
CELL-FREE JUICE FROM BaAcTERIA. 
W. P. Wiggert, M. Silverman, M. F 
Utter and C. H. Werkman, Bacteriol- 
ogy Section, Industrial Science Re- 
search Institute, lowa State College, 
Ames. 

An active cell-free juice which 
attacked hexosediphosphate and hex- 
osediphosphate plus glucose anaerobi- 
cally was obtained from Aerobacter 
indologenes under the following con- 
ditions: 3 grams of cell paste, autolyzed 
24-30 hours were mixed with 25 grams 
ground Pyrex glass (ground 24 hours in 
ball mill) and 7 ml. of m/15 phosphate 
buffer (pH 7.0). 10 grams of this mix- 
ture were ground 5 minutes by hand in 
an iced mortar and the mixture ex- 
tracted with 2 ml. of m/15 phosphate 
buffer (pH 6.6) and clarified on a 
Beam ultracentrifuge. The supernate 
showed activity. Juice has been found 
active after two weeks’ storage in a 
frozen state. Several dehydrogenases 
were found present by the methylene 
blue technique. 


IMMUNITY IN CANINE ORAL PapPIL- 
LomaTosis. R. J. Goodlow, Depart- 
ment of Bacteriology and Immunol- 
ogy, University of Minnesota. 
Virus-induced papillomas of the oral 

mucosa of young dogs regress spon- 

taneously, leaving the animal resistant 
to reinfection. That regression is 
accompanied by development of spe- 
cific antibodies in the blood serum of 
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infected puppies is evidenced by a 
positive complement-fixation test. 
To 1.5 ml. of saline was added 0.1 ml 
of a 0.33 per cent saline suspension of 
emulsified tumor tissue, and one drop 
of blood serum of puppies on which 
papillomas had grown and regressed. 
This system was placed in the re- 
frigerator for one hour before the 
addition of 2 units of complement 
(titrated before each test). After 
incubation at 37°C. for one hour the 
hemolytic system was added. Test 
readings were taken after 45 minutes 
of incubation. To eliminate the possi- 
bility of false positive reactions, the 
serum and antigen were tested before 
use for anticomplementary effect. 
The blood sera of eight dogs infected 
with papillomas which had regressed 
were tested. In all cases complete 
inhibition of hemolysis, which indi- 
cates the presence of specific anti- 
bodies, was noted. Negative reactions 
were obtained with sera from eight 
normal dogs. The serum of rabbits 
hyperimmunized to the Shope papil- 
loma virus did not possess the ability 
to fix complement in the presence of 
the antigen of canine oral papil- 
lomatosis. 
PREPARATION OF BACTERIOLOGICAL 
PEPTONEs. 
ment of Bacteriology, University of 
South Dakota, and Ben Diamond, 
South Dakota State Health Labora- 
tory, Vermillion, South Dakota 
The need for bacteriological peptones 
made according to detailed published 


Einar Leifson, Depart 


procedures is too obvious to require 
any further comment. Work was 
started by the senior author at the 
Johns Hopkins University some three 
years ago to remedy this situation. 
One hundred and fifteen peptones were 
made, dried, and powdered. The sub- 
strates used included beef, beef heart, 








112 PROCEEDINGS OF 


beef spleen, beef lung, pork, hog 
stomach, fish, casein, wheat gluten, 
and soybean flour. The enzymes used, 
except papain, were prepared in the 
laboratory and included pepsin, pan- 
creatin, papain, as well as serial diges- 
tions with combinations of these 
enzymes. Work is in progress with 
additional substrates. These peptones, 
in addition to a number of commercial 
peptones, have been tested extensively 
for diphtheria-toxin production, 
growth-promoting properties for some 
50 selected strains of bacteria, and 
suitability for various biochemical 
tests such as indol, M.R., V.P., double- 
zone formation by streptococci in blood 
agar, pigment and gas production. 
The results are too voluminous to 
permit even a sketchy summary. The 
data indicate that peptones as good or 
better than the present commercial 
products may be made cheaply and 
with great ease. Many of the peptones 
produce high concentrations of diph- 
theria toxin. The authors invite 
correspondence, and would welcome 
cooperation in the making of special 
tests on the peptones. 


MopiricaTion OF DiIsTEMPER VIRUS 
BY ANIMAL PassaGe. R. G. 
Department of Bacteriology and Im- 
munology, University of Minnesota. 
Strains of distemper virus isolated 

from various species of the families 

Mustelidae and Canidae are found, on 

a basis of general characters and cross 

immunity tests, to be identical. The 

cytoplasmic and intranuclear inclu- 
sions typical of the distemper virus are 
seen in all species of these groups. 

Viruses isolated from naturally in- 

fected animals show marked patho- 

genic properties in such diverse species 
as the ferret and the dog. Fifty serial 
transfers of the distemper virus 
through ferrets result in a virus highly 


Green 
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related 
animals but only slightly pathogenic 


pathogenic for ferrets and 
for dogs and foxes. Susceptibility 
tests and serial transmissions of virus 
through other species of the famil, 
Mustelidae show that passage throug) 
members of the family Mustelidae in- 
creases the pathogenicity of the virus 
for species of that family and decreases 
the severity of the infection for species 
of the family Canidae. The reciproca! 
relationship also seems true: passag: 
of the virus serially through members 
of the family Canidae decreases its 
virulence for species of the family 
Mustelidae. The mild infections pro- 
duced by such modified viruses im 
munized against subsequent infections 
with strains of the distemper virus 
that are highly pathogenic for the 
species tested in this manner. 


AmINo Acip REQUIREMENTS OF 
THE HETEROFERMENTATIVE  Lac- 
tic Acip Bacrerta. H. G. Wood, 
Charles Geiger and C. H. Werkman, 
Bacteriology Section, Iowa Agri- 
cultural Experiment State, Ames. 
The amino-acid requirements of 

three species of heterofermentative 

lactic acid bacteria L2, Lactobacillus 
mannitopoeus; LA, Lactobacillus buch- 
neri; L5, Lactobacillus lycopersici were 
determined on the basis of optimum 
acid production in a basal medium con- 
taining glucose, thiamin, riboflavin, 
sodium acetate and inorganic salts 
including ammonium sulfate. Nine- 
teen amino-acids, those present in 
hydrolyzed casein with the exception 
of hydroxyglutamic acid, were used in 
the investigation. When all nineteen 
amino acids were added to the medium 
growth was luxuriant. When each 


amino-acid was omitted singly and the 
remaining eighteen added, acid pro- 
duction and growth was retarded in 
each case with the exception of glycine, 
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proline, hydroxyproline, leucine and 
isoleucine, also tryptophane for culture 
L4. When both leucine and isoleucine 
were removed acid production was not 
optimum. Leucine and isoleucine are 
replaceable, i.e. one of the two is 
needed but not both. The group con- 
sisting of glycine, proline, hydroxy- 
proline and either leucine or isoleucine 
could be omitted with little change in 
growth. The remaining fifteen amino 
acids, alanine, valine, glutamic acid, 
aspartic acid, phenylalanine, tyrosine, 
threonine, methionine, tryptophane 
(L4 an exception), cystine, serine, 
arginine, lysine and histidine are 
influential on acid production, though 
histidine is less effective than the 
others. This is the first case which 
has come to the authors’ attention in 
which threonine is needed by bacteria. 


TRIMETHYLENE- 
GLYCOL BY AEROBACTER AEROGENES 
M.N. Mickelson and C. H. Werkman, 
Industrial 


PRODUCTION OF 


Sacteriology Section, 
Science Research Institute, Iowa 
State College, Ames. 

Contrary to previous investigators, 
Aerobacter has been found to produce 
large yields of trimethyleneglycol from 
glycerol under anaerobic conditions in 
a glycerol mineral medium. Two 
strains of Aerobacler aerogenes and two 
unidentified species of Aerobacter were 
used. Yields of trimethyleneglycol in 
the neighborhood of 45 per cent of the 
fermented glycerol were obtained. 
Small amounts of acetylmethylearbinol 
and considerable 2,3-butylene glycol 
were found. In this respect Aerobacter 
differed from similar fermentations 
by Citrobacter freundii where none of 
the latter products were found but 
some succinic acid was _ produced. 
Trimethyleneglycol production from 
glycerol cannot be used as a character 


LOCAL BRANCHES 113 


to separate organisms of the inter- 
mediate colon types from Aerobacter 


NATURAL DISTEMPER IN GREY 
Foxes. C. A. 
Green, University of Minnesota 


Evans and R. G 


During 1934 and 1935, an extensive 
outbreak of disease among wild grey 
foxes (l rocyon cinereoargentéus) oc- 
curred in southeastern Minnesota. Of 
thirteen foxes received, ten were 
studied for microscopic pathology, and 
the characteristic inclusion bodies of 
distemper were demonstrated in six 
The other four were badly autolyzed 
Cytoplasmic inclusion bodies wer 
found in bile ducts, lymph node, 
adrenal, pancreatic ducts, and bladder 

Intranuclear inclusions, as is the rule 
in distemper, were less common than 
cytoplasmic, but were found in spleen, 
bile ducts, lymph node, adrenal pan- 
creatic ducts, and salivary gland. All 
inclusion bodies appeared identical 
with those which characterize distem- 
per in other animal species 

Paratyphoid (Salmonella sp.), a 
frequent secondary invader in cases of 
distemper in foxes on fox farms, was 
demonstrated in several of the grey 
foxes, including two with typical dis- 
temperinclusions. Pasteurella pseudo- 
tuberculosis was isolated from a fox in 
which both paratyphoid and distemper 
were also present. 

Forty-five guinea pigs, six rabbits, 
and four quail were inoculated with 
material from the foxes, with essen- 
tially negative results. Four guinea 
Of four 


ferrets inoculated with tissue from 


pigs died of paratyphoid 


three foxes, three died or were killed 
sick, but the presence of paratyphoid 
and of pseudotuberculosis makes these 
experiments of no more than confirma- 
tory value in establishing the diagnosis 


of distemper 
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NONFATAL INFECTIONS WITH Pas- 
TEURELLA TULARENSIS IN THE 
SnowsHoe Hare. J. F. Bell and 
R. G. Green, Department of Bac- 
teriology and Immunology, Uni- 


versity of Minnesota. 

During an investigation of diseases 
of wild animals that has covered a 
period of eight successive years, tula- 
remia has been studied in two species 
of rabbits, the snowshoe hare (Lepus 
americanus-phaeonotus) and the cotton- 
tail rabbit (Sylvilagus floridanus- 
mearnsi) on the Lake Alexander Area 
in Minnesota. Evidence has _ been 
adduced which indicates that the snow- 
shoe hare, unlike the cottontail rabbit, 
is usually highly resistant to tularemia. 
The evidence is based on the epizo- 
otiology, pathology, immunology, and 
symptomatology of the disease in 
naturally infected snowshoe hares, and 
on characteristics of the organisms 
isolated from that species. In the 
period of the study, the incidence of 
infection in vectors of the disease 
became so great that cottontail rabbits 
on the Area were exterminated by 
tularemia; yet the snowshoe hares, 
which were more heavily infested by 
the vectors, did not sufer appreciable 
losses from this disease. In the snow- 
shoe hares, tularemia usually was not 
acute, but was a symptomless infection 
characterized by chronic focal lesions. 
A high proportion of the hares trapped 
in winter possessed agglutinins for 
Pasteurella tularensis, an indication 
that they had recovered from infection 
with the organism. Strains of P. 
tularensis isolated from the snowshoe 
hare induced less acute infections in 
guinea pigs than did strains isolated 
from the susceptible cottontail rabbit. 


ENzYMIC VARIABILITY OF AEROBACTER 
INDOLOGENES AS A FUNCTION OF 
GROWTH ConDITIONS. Cc. R 


Brewer, M. N. Mickelson and C. H. 
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Werkman, Bacteriology Section, 
lowa Agricultural Experiment Sta- 
tion, Ames. 

Non-proliferating cell suspensions of 
Aerobacter indologenes grown on glucose 
in acid or alkaline buffer or on self- 
buffered citrate, possess enzyme sys- 
tems which dissimilate other substrates 
to products resembling those of the 
“growth substrate.’’ Pyruvic acid, « 
postulated intermediate compound, is 
fermented by ‘‘citrate’’ cells to give 
substantial yields of succinic acid with 
little 2,3-butylene glycol. Cell sus- 
pensions grown in acid glucose media 
dissimilate pyruvate to relatively high 
yields of the glycol and low quantities 
of succinic acid. These results con- 
form to the normal dissimilation of 
glucose and citric acid. 

A. indologenes cells grown on glucose 
in alkaline buffer or citrate, weakly 
attack glucose in acid buffer and form 
products normal to the dissimilation 


of alkaline glucose or citrate. Sus- 
pensions of cells grown in _  acid- 
buffered glucose dissimilate acid- 
buffered glucose to the normal 
products formed by growing cells. 


Alkaline glucose cells rapidly dissimi- 
late glucose in alkaline buffer to the 
normal products of alkaline glucose 
fermentation by growing Aerobacter. 

Suspensions of cells grown in alka- 
line-buffered glucose and in citrate 
are similar in enzymic activity. They 
are likewise similar in their growth 
metabolism. Acid glucose cells differ 
from both the above types in the ac- 
tivity of both growing and non-grow- 
ing cells. 


THE BACTERIOLOGY OF PERFORATION 
Perironitis. Cora R. Owen, Uni- 
versity of Minnesota, Minneapolis, 
Minnesota. 

Guinea pigs were injected intraperi- 
toneally with suspensions of the cecal 
contents of normal guinea pigs and 
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both the suspensions and the peritoneal 
cavities of the injected guinea pigs were 
cultured. Some of the suspensions 
were found to contain very few or no 
organisms of the coliform group and of 
the animals injected with this group 
of suspensions only 31% died, while 
64% of the animals, injected with sus- 
pensions from which these organisms 
could be easily recovered, died. Mem- 
bers of this group of organisms were 
recovered from the peritoneal cavities 
of 84% of the guinea pigs which died 
of the injections and from only 16% 
of those which survived. It is con- 
cluded that the colon bacillus and re- 
lated organisms are the most important 
pathogens in the intestines with regard 
to this condition. 


EVIDENCE FOR THE AEROBIC DeE- 
COMPOSITION OF LIGNIN BY LAKE 
Bacteria. Janice Stadler and 
Claude E. ZoBell*, University of 
Wisconsin, Madison. 

Concentrations of purified lignin as 
high as 0.5 per cent are not toxic for 
bacteria from Lake Mendota and other 
Wisconsin lakes. The larger bacterial 
populations found in water enriched 
with lignin suggest that it is slowly 
utilized by aerobic bacteria. It was 
found that each of eleven samples of 
lignin, differing in either the process 
of preparation or source, was oxidized 
by bacteria as indicated by oxygen 
consumption in closed bottles of water. 
As much as 3.07 mgm. of oxygen was 
used by bacteria in the presence of 5.0 
mgm. of lignin in 30 days at 28°C. The 
oxygen consumption data indicate that 
from 2.1 to 33.2 per cent of the lignin 
is oxidized during this period of incuba- 
tion. Lignin abiogenically absorbs a 
little oxygen from water but the 


*On sabbatical leave from the 
Scripps Institution of Oceanography, 
La Jolla, California. 
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quantity is very small as compared to 
the amount which is utilized when the 
water is inoculated with an enrichment 
culture of lignoclastic bacteria. Esti- 
mating the lignin by the acid-perman- 
ganate method it was found that 10 to 
20 per cent of certain lignin samples 
were decomposed by bacteria under 
aerobic conditions. 


Tue Errect oF OxyGEeN TENSION 
ON OXYGEN CONSUMPTION BY 
BacTeRIA IN LaKkE Water. Claude 
E. ZoBell* and Janice Stadler, 
University of Wisconsin, Madison 
The oxygen tension of water from 

Lake Mendota was adjusted at differ- 

ent levels ranging from 0.66 to 7.99 

mgm./l. and stored in glass-stoppered 

bottles. Dissolved oxygen was de- 
termined at the beginning of the 
experiment and after varying periods 
of incubation at 25°C. From the re- 
sults it is estimated that during the 
first 24-hour period an average of 78 
10-!° mgm. of oxygen was consumed per 
cell per hour, the amount being inde- 
pendent of the initial concentration of 
oxygen. Thereafter the rate of oxygen 
consumption dropped sharply probably 
due to the depletion of respirable 
organic matter but the rate was not 
influenced by the concentration of 
oxygen until the latter was exhausted 
Similar experiments with resting cells 
in lake water enriched with organic 
matter confirmed the foregoing obser- 
vations that the rate of respiration of 
certain lake bacteria is not a function 
of the oxygen tension of the water. 

This conclusion applies to Serratia 

rubida and Flavobacterium flavus in 

pure culture as well as to the mixed 
microflora found in Lake Mendota. 


*On sabbatical leave from the 
Scripps Institution, University of 
California 
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Tse Errect or Sauicytic ALDEHYDE 
ON THE INFECTION OF WHEAT BY 
PYTHIUM ARRHENOMANES’  DeEr- 
CHSLER, AND THE DESTRUCTION OF 
THE ALDEHYDE BY ACTINOMYCES 
ERYTHROPOLIS AND PENICILLIUM 
Se. V. E. Graham and L. Green- 
berg, University of Saskatchewan, 
Canada. 

Salicylic aldehyde, when added to 
soil at the rate of 50 p.p.m., seems to 


predispose wheat roots to attack 
by parasitic strains of Pythium 
arrhenomanes. 

Actinomyces erythropolis and a 


species of Penicillium have been found 
in soil from the healthy area of a field 
partially infected with Browning root 
rot. These organisms caused the dis- 
appearance of salicylic aldehyde in an 
artificial medium. 

It is suggested that lack of activity 
on the part of such organisms in certain 
areas of a field may lead to an accumu- 
lation of salicylic aldehyde or products 
acting in a similar manner, and that 
this may be a predisposing factor in 
the appearance of Browning root rot 
caused by Pythium arrhenomanes. 

When Actinomyces erythropolis and 
Pythium arrhenomanes are both added 
to sterile soil containing 50 p.p.m. of 
salicylic aldehyde under greenhouse 
conditions the harmful effect of the 
salicylic aldehyde is overcome. 


CONCENTRATION OF POLIOMYE- 
Litis Virus BY MEANS OF THE 
Beams CENTRIFUGE. Weldon C. 
White and Paul F. Clark, Univ. 
Wisconsin. 


Some Errects or STeri,te INFLAM- 
MATION ON EXPERIMENTAL 
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Po.tiomyYeuitis. A. F. Rasmussen, 
Jr. and Paul F. Clark, Univ. 
Wisconsin. 


A FERMENTATION CALORIMETER FOR 
THE Srupy or Heat Evo.vurion 
IN THE DECOMPOSITION OF 
Puant Mareriats. R. E. Carlyle 
and A. G. Norman, Department of 
Agronomy, Iowa State College. 
There is little information about the 

phenomenon of heat evolution during 
the decomposition of plant materials 
and most measurements made up to the 
present have been confined to the de- 
termination of temperature rise. In 
an effort to make quantitative meas- 
urements an adiabatic fermentation 
calorimeter has been constructed. It 
consists of a vacuum flask capable of 
holding approximately 40 grams of 
material immersed in a bath the 
temperature of which is controlled by 
the temperature of the fermenting 
material inside. Two 2-junction 
thermopiles, one each in flask and bath, 
respectively, are connected directly to 
a galvanometer, the reflected beam 
from the mirror of which is focused on 
a photoelectric cell. Any deflection 
of the beam caused by an increase in 
temperature in the flask operates a 
relay switching on two knife heaters 
in the bath. The temperature in the 
flask is measured potentiometrically 
with a second thermocouple. The 
water equivalent of the calorimeter 
is determined by generating a known 
amount of heat electrically in a small 
resistance coil permanently in place in 
the calorimeter. Aeration is provided 
by passing air through a long copper 
coil in the bath and the air is saturated 
at that temperature by passage 
through a wet bead tower also im- 
mersed in the bath. 
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CENTRAL NEW YORK STATE BRANCH 


THIRTY-SEVENTH SEMI-ANNUAL MEETING, UNIVERSITY OF RocHEsTER ScHooL 
or Mepicing, May 20, 1939 


Tue Hypro.ysis or Disoprium PHENYL 
PHOSPHATE BY GRAM-NEGATIVE Ba- 
citur. Harold W. Leahy, Leslie ‘A. 
Sandholzer and Marian R. Woodside, 
University of Rochester, School of 
Medicine and Dentistry, Rochester, 
New York. 

It has been demonstrated for the first 
time that a wide variety of Gram-nega- 
tive bacilli (Serratia, Pseudemonas, 
Escherichia, Aerobacter, Chromobacter, 
Proteus, Shigella, Eber- 
thella and Alcaligenes) are able to 
hydrolyze disodium phenyl phosphate 
The dephosphorylating activity was 
present in the bacterial cells, but was 
absent in Berkefeld filtrates and super- 
nates of centrifuged cultures. 

The optimal hydrogen-ion concen- 
tration was determined by suspending, 
in 10 ml. of 0.005 m substrate solution 
buffered with either phthalate or 
veronal to pH values between 4.0 and 
9.0, a weighed amount (from 2 to 5 mg.) 
of lyophilized cells which had been 
grown on plain agar. The phenol that 
resulted from hydrolysis of the phos- 


Salmonella, 


phoric acid ester was determined by 
using Gibb’s reagent (2,6-dibromo- 
quinonechloroimide). All of the 23 
organisms tested exhibited the pres- 
ence of phosphatase. The optimal 
hydrogen-ion concentration, however, 
varied with the different genera and 
with different species in the same 
genus. The lowest optimum encoun- 
tered was pH 5.8 and the highest pH 
7.5. Under optimal conditions the 
maximal amount of phenol liberated 
was 1.12 mg. per mg. of dry cells in 24 


hrs. at 37°C. 


FERMENTATION OF CARBOHYDRATES BY 
STRAINS OF COMMERCIAL YEASTS 
E. A. Beavens, N. Y. State Agricul- 
tural Experiment Station, Geneva 

ATTEMPTS TO APPLY SEROLOGICA! 

GROUPING TO THE NON-HEMOLYTIC 

Srreprococecr. J.M. Sherman, C.F 

Niven, Jr., and Karl Smiley, College 

of Agriculture, Cornell University, 

Ithaca 


STUDIES ON STAPHYLOCOCCI OF ANIMAI 
Oricin. W. B. Bell, 
College, Cornell University, Ithaca 


Veterinary 


THe NatTuRE oF VIRUSES 
Packer Berry, University of Roch- 
ester, Rochester 


(reor ge 


Can MIcROORGANISMS BE USED TO 
INDICATE NUTRIENT DEFICIENCIES 
In Sort? H. J. Conn, New York 
State Agricultural Experiment Sta- 
tion, Geneva, New York 
The desirability of a quick test to 

indicate to what extent nutrient ele- 

ments (particularly K and P) in soil are 
available to plants is recognized 

Various microérganisms have been sug- 

gested for this purpose on the assump- 

tion that they have nutrient require- 
ments similar to higher plants while 
their period of growth is so short that 
results can be studied in the labora- 
tory. 
advocates, results have always been 


Although each method has its 


open to question. It is difficult to 
evaluate such results, because to get 
any basis of comparison a soil must be 
studied over a series of years with 
various crops. The writer has tried 
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unsuccessfully to use certain soil bac- 
teria as test organisms, measuring their 
growth in soils by microscopic ex- 
amination. It has been found that 
factors other than nutrient deficiencies 
(notably presence of colloids, and mois- 
ture level of the soil during the few 
weeks before the test is made) have had 
more effect on results than those that 
it had been desired to measure. These 
observations point to such great differ- 
ences between the nutrient require- 
ments of microérganisms and plants 
that it is doubtful if the former can be 
used to indicate deficiencies for the 
latter. 


PROTECTIVE ANTIBODIES EFFECTIVE 
AGAINST Type I MENINGOCOCCAL 
INFECTION IN Mice. Geoffrey Rake 
and Henry W. Scherp, Squibb Insti- 
tute for Medical Research, New 
Brunswick, N. J. and Department of 
Bacteriology, University of Roch- 
ester School of Medicine and Den- 
tistry, Rochester, New York. 

A previous quantitative study of the 
precipitin reaction between a polysac- 
charide from Type I meningococcus 
and antimeningococcal horse sera in- 
dicated that monovalent sera con- 
tained only homologous type-specific 
antibody, whereas polyvalent thera- 
peutic sera contain in addition large 
amounts of group-specific antibody. 
- These findings have been correlated 
with the protective capacity of the 
sera against Type I meningococcal 
infection in mice. Complete absorp- 
tion of sera with Type I polysaccharide 
removed from 90 to 99 per cent of pro- 
tective antibodies. Partial absorption 
of polyvalent sera was carried out in 
such a fashion that all of the type- 
specific antibody, but only from 30 to 
60 per cent of the group-specific anti- 
body, was removed. The residual 
antibody, which constituted from 30 
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to 40 per cent of the total precipitable 
antibody of the serum, had very slight 
protective capacity. One serum was 
encountered, in which about one-fourth 
of the protective antibodies was ab- 
sorbable by an ‘‘agar-hapten.”’ 


Tue BacrericipaL Errect or Suura- 
PYRIDINE IN VITRO ON THE GONo- 
coccus. H. F. Wingate, R. Charles, 


and C. M. Carpenter, University of 


Rochester. 

The use of sulfapyridine for the 
treatment of gonococcal infections led 
us to investigate the bactericidal 
effects of the compound in vitro. 

Forty strains of the gonococcus, 
isolated from various types of gono- 
coccal infection, were used. Uniform 
suspensions in broth were prepared 
from the organisms grown for 24 hours 
on blood-glucose-ascitic fluid-agar 
slants. From each such suspension, 
0.05 ml. was seeded into 1.5 ml. of 
blood-glucose-ascitie fluid broth con- 
taining enough sulfapyridine to yield 
a final concentration of 0.01 per cent 
(0.1 mg. per ml.). Control cultures 
without sulfapyridine were prepared in 
like manner. Serial subcultures were 
made on ‘‘chocolate’’ agar at 4-hour 
intervals for 48 hours, and incubated 
in 10 per cent CO, at 36°C. for 48 hours. 

None of the strains was viable after 
44 hours of exposure to sulfapyridine. 
One strain survived less than 4 hours, 
2 failed to grow after 12 hours, 5 were 
non-viable after 16 hours, 10 after 20 
hours, 9 after 24 hours, 9 after 28 hours, 
2 after 32 hours, 1 after 36 hours, and 
1 after 44 hours. 

The 40 strains of the gonococcus were 
exposed in like manner to the same 
concentration of sulfanilamide, i.e., 
0.01 per cent. A comparison of the 
two compounds showed that both were 
equally effective in killing 6 of the 
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strains. Twelve strains were rendered 
non-viable in a shorter period of time 
by sulfapyridine, and 22 more quickly 


by sulfanilamide. 


SCHLEIDEN AND 
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SCHWANN AND TH! 
Leslie A 
Rochester 


Mopern Ce.t THEory 
Sandholzer, Unive rsity ol 


Rochester 


WASHINGTON BRANCH 


Army Mepicau Scuoo.t, WasHINGTON, D. C 


Coton Grovp BAcTERIA AS THE CAUSE 
or AcuTE Fatat DysENTERY IN NEW 
Born Catves. J. W. Dollahite, 
Bureau of Animal Industry, 
U.S.D.A., Washington, D. C. 

At a government-owned institutional 
dairy of about 250 cows, severe losses 
from dysentery in new born calves 
have occurred for a period of at least 
12 years. During the first five and 
one-half months of 1938, 49 per cent of 
the new born calves died with acute 
dysentery before they were 5 days old. 
Cultures of Escherichia communior and 
Escherichia acidilactici were recovered 
from a large percentage of these calves 
that came to autopsy. A normal cow 
was hyper-immunized against 
two cultures of bacteria and an immune 
serum prepared. Between June 15, 


1938 and March 1, 1939, fifty-eight 


these 


, Maren 21, 1939 


calves were treated with this serum 
Of this total treated, 
6.9 per cent died with dysentery. Dut 


four calves or 
ing the same period 65 calves were left 
untreated as controls. Fifteen control 
ealves or 23.1 per cent died with acuté 
dysentery. Colon-group bacteria were 
recovered from about 60 per cent 


these calves that were autopsied 


COLONY AND ANTIGENIC VARIATION IN 
KLEBSIELLA PNEUMONIAE Types A, 
B, ano C W. A. Randall, George 
town University Medical School 


Washington, D. C 


An EPISODE IN THE History OF SMALL- 
POX VACCINATION IN NEW Hamp- 
sHiRE. M. C. Leikind, Library of 


Congress, Washington, D. C 


WASHINGTON BRANCH 


Army MepicaL Scuoo.r, Wasuinocton, D. C., Apri 18, 1939 


ORGANISMS INVALIDATING THE D1Ac- 
NOSIS OF GONORRHEA BY THE SMEAR 
Metuop. George G. DeBord, Health 
Department, District of Columbia. 
Two undescribed Neisseria have been 

named. Neisseria fulva, from a case 

of conjunctivitis and vaginitis, has a 

waxy colony which does not adhere to 

the medium. The color is light tan, 
after mixing with a needle, a bright 
yellow. Acid is produced in glucose, 
fructose, maltose and sucrose. Neis- 
seria gigantea, from a normal vagina, 
is a giant form with a waxy colony 


which can be moved over the medium 
with a needle. The colony is clear 
becoming slightly opalescent with age 
No sugars are fermented 
A new tribe, VUimeae, 
The description follows: 
gram-negative, 
phic; growth on plain agar is abundant 


is proposed 
short rod 


encapsulated, pleomor 


white, glistening, smooth, viscid and 
| 


the cells are almost wholly diplococcal 
in form, identical to the gonococcus in 
size and appearance; many cells retain 
the blue in Gram’s stain in whole or in 
part; growth in broth is diffuse with a 
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viscid sediment with diplococci, rods 
and filaments present. Fermentation 
groups are (1) acid and gas from glu- 
cose, maltose, lactose with a few in- 
cluding sucrose, (2) acid only in glucose 
and maltose, (3) acid in glucose, (4) no 
sugars fermented. Motile and 
motile forms are found. Type species, 
Mima polymorpha, is a 
form from group four. 

Approximately 30% of the total 
cases, normal and abnormal, showed 
organisms which might be mistaken 
for the gonococcus. 


non- 


non-motile 


Tue MorpnHo.ocicat, BiocHEeMIcAL 
AND SEROLOGICAL PROPERTIES OF 
BACILLUS PASTEURIANUM AND ITS 


ABILITY TO Fix ArmMospHERIC NITRO- 
GEN IN COMPARISON WITH OTHER 
AnaErRoBIC Bacitur. Howard  L. 
Bodily, Department of Bacteriology, 

University of Maryland. (This in- 

vestigation represents studies carried 

out by the writer at the Department 
of Bacteriology and Public Health, 

University of Medical 

School.) 

The generic term Bacillus was used 
in preference to Clostridium because, 
in the writer’s opinion, selection of 
generic terms should be based on the 
most stable traits of bacteria, i.e., 
morphology and staining character- 
istics and not on physiological differ- 
ences. Ten strains received as Clos- 
tridium pasteurianum, three strains 
received as Clostridium betjerinckii, 
and one strain received as Bacillus 
amylobacter A. M. et Bredemann were 
subjected to morphological, biochem- 
ical, and _ serological studies. The 
results indicated that only one strain, 


Colorado 


OF LOCAL 


BRANCHES 


of which a description follows, cou 
be identified as Bacillus pasteurianw 
Young vegetative rods were motile b 
means of peritrichous flagella and we: 
gram-positive. Older cells develop 
into clostridia which, except for o 
pole, were stained violet brown | 
iodine. Later they 
terminal spores which when matur 
were retained within the mother c 
in a “‘spore capsule.”’ 


bore oval sul 


B. pasteuriany 
fermented glucose, galactose, mannos 
levulose, sucrose, maltose, raffinos 
glycerol, mannitol, 
and inosite, but failed to ferment x 


lose, 


inulin, sorbit 
lactos: 
starch, salicin, dulcitol, gum arab 
and cellulose. 


arabinose, rhamnose, 


In two per cent glucose trypton 
mineral medium, B. pasteurianun 
produced butyrie acid, and 
amounts of butyl and ethyl alcohols 
but no acetone or isopropyl alcoho! 
It failed to liquefy gelatin, to blacke: 
deep iron 


small 


brain medium, to digest 
casein, to reduce nitrates, and to pro- 
duce acrolein, acetyl-methyl carbinol, 
andindol. Pathogenicity was negativ« 
for rabbits and guinea pigs. Cross-ag- 
glutination tests showed that B. pas- 
teurianum was serologically unrelated 
to all the other strains studied. In 
addition to the above, 22 other strains 
of anaerobic were tested for 
their ability to fix nitrogen in a Wino- 
gradsky’s nitrogen-free medium. The 
results showed that B. pasteurianum, 
although not exclusive in its ability 
to fix nitrogen, was most active. It 
fermented 100% of the glucose and fixed 
from 4.5 to 4.6 mg. of nitrogen in 100 
ml. of medium. 
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THE VIRUS OF PSITTACOSIS 


I. PROPAGATION AND DEVELOPMENTAL CYCLE IN THE EaaG 
MEMBRANE, PURIFICATION AND CONCENTRATION! 
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George Williams Hooper Foundation, University of California, 


San Francisco, California 


Received for publication January 23, 1939 
INTRODUCTION 


Psittacosis is a latent or manifest infection of psittacine birds. 
The disease is transmissible to man and is characterized by high 
fever simulating a typhoidal state and associated with symptoms 
of an atypical pneumonia. The infection is occasionally trans- 
mitted from man to man. However, when parrots or parrakeets 
are kept as pets, household epidemics have frequently been ob- 
served. 

The term psittacosis is derived from the Greek yrraxds 
parrot, and was first applied by Morange in 1895. Parrot fever 
as a technical term does not apply to a disease of parrots so much 
as to a characteristic disease of man, which is contracted by con- 
tact with psittacine birds. The unfortunate impression conveyed 
by the term ‘‘parrot fever’’ has led to the belief that the parrot 
is the sole offender, whereas the shell parrakeet plays a signifi- 
cant réle, especially in California, as pointed out by Meyer and 
Eddie (1933a, 1933b, 1934) and by Meyer (1935). Canaries, 
finches and other birds may be carriers of the virus and cause 
human infections (Meyer (1938), Pfaffenberg (1936)). A bird 
of the petrel family has been shown to be responsible for out- 
breaks of human psittacosis (Haagen and Mauer (1938a)). 


1 Portion of a thesis submitted by the senior author in partial satisfaction 
of the requirements for the degree of Doctor of Philosophy, University of 
California. 

* Edith Claypole Memorial Research Fellow in Pathology, 1936-1938. 
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The review by Elkeles and Barros (1931) gives a complete 
history of the early knowledge of the disease and an excellent 
summary of the pandemic of 1929-1930. More recently Pfaffen- 
berg (1936) has made a splendid review of the current status of 
the disease and the progress of research studies, while Meyer 
(1935) has summarized pertinent data concerning the epidemi- 
ology of human infections in the United States. The Ministry 
of Health Report (1930) reviews the 1929-1930 pandemic, with 
special emphasis on English experience. German observations 
have been analyzed by Haagen and Kriickeberg (1937) and 
Haagen and Mauer (1938b). 

Concerning the etiologic agent of the disease, the work com- 
pleted prior to 1929 is principally of historic interest. In 1893 
Nocard isolated a gram-negative bacillus from the bone marrow 
of parrots dead of psittacosis. He considered this organism to 
be the causal agent and named it in consequence Bacillus psit- 
tacosis. This organism was not found consistently in either hu- 
man beings or birds and was recognized by Bainbridge (1912), 
Perry (1920) and subsequent workers to be identical with Sal- 
monella aertrycke. 

The inconstant bacteriological findings prompted investigators 
to search for a filterable virus during the pandemic of 1929- 
1930, with the result that early in 1930 the German workers 
under Levinthal, the English group under Coles and Bedson and 
the United States workers under Lillie independently established 
the virus nature of the disease. Almost simultaneously Levin- 
thal (1930a), Coles (1930) and Lillie (1930) described small 
coceoid or diplococcoid bodies in infectious material, with a 
size estimated by measurement of stained preparations and 
photomicrographs as ranging from 0.20 to 0.45u4. Furthermore 
Coles (1930) passed material through Seitz filters and found the 
coccoid bodies in the infectious filtrates. Levinthal (1930b) 
likewise found filtrates of Berkefeld V candles to be infectious. 
Lillie (1930), noting the resemblance of the bodies observed to 
the rickettsia group, proposed the name ‘‘Rickettsia psittaci’’ 
for the ‘‘minute gram-negative intracellular coccoid and bipolar 
bacilliform bodies of about 0.2u to 0.34 diameter, found in 
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reticulo-endothelial cells, mesothelial cells and large mononuclear 
cells of the parrot (probably Amazon sp.) and in large mono- 
nuclear cells in man, associated with, but without established 
relationship to, psittacosis.’”’ As pointed out by Meyer (1935 
there is no evidence that psittacosis is an insect-borne disease, 
and the name ‘Rickettsia psittaci’’ is not appropriate, despite the 
intracellular location and poor staining properties of the bodies. 
Levinthal (1930a) proposed the name ‘‘Microbacterium multi- 
forme psittacosis”’ for the cellular inclusions, but this terminology 
has not been accepted by other workers. 

Apart from the occasional elongated forms, the resemblance 
to the Paschen bodies of vaccinia and variola is quite marked, 
and, following the traditional custom of naming inclusion bodies 
after the discoverer, Meyer and Eddie (1933b) proposed the name 
“TLevinthal-Coles-Lillie bodies’? which was shortened to “L.C.L. 
bodies.”” This designation has found general acceptance in both 
the American and foreign literature, and will be used throughout 
this report. The virus nature of the L.C.L. bodies in the gen- 
erally accepted meaning of the term (requiring living tissue for 
multiplication) has been further confirmed by the recent work of 
Haagen and Crodel (1936) and of MacCallum (1936) in detailed 
studies showing the necessity for living cells to obtain multipli- 
cation of the virus. 

The susceptibility of the white mouse to intraperitoneal in- 
jections of psittacosis virus was established by Krumwiede, 
McGrath and Oldenbusch (1930), and the use of this animal has 
proved invaluable in research studies. The high contagiousness 
of the disease is well known, especially when infected birds are 
being handled and cared for. Of the eleven accidental infections 
contracted by the personnel of the National Institute of Health, 
McCoy (1930) has reported that eight individuals had no ex- 
posure to infected birds, two were exposed, and one case was 
doubtful. Due to the danger in handling active virus, the range 
of experimental studies was limited and certain desirable in- 
formation was not obtainable for this reason. Since laboratory 
infections are relatively frequent, all known precautions were 
taken throughout the present study and certain omissions and 
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incomplete data may be ascribed to the danger of carrying out 
doubtful procedures. 


PROPAGATION OF THE VIRUS ON THE CHORIO-ALLANTOIC 
MEMBRANE OF THE DEVELOPING EGG 
Review 

Since the early reports of Goodpasture and his co-workers 
(Woodruff and Goodpasture (1931), Goodpasture, Woodruff 
and Buddingh (1931), Goodpasture, Woodruff and Buddingh 
(1932)) the chorio-allantoic membrane of the developing chick 
has been used as a culture medium for a number of viruses and 
rickettsiae. Among the agents reported propagated on this 
medium are vaccinia (Goodpasture, Woodruff and Buddingh 
(1931)), fowlpox (Woodruff and Goodpasture (1931)), varicella 
(Nauck and Paschen (1932)), herpes (Dawson (1933)), infectious 
laryngotracheitis (Burnet (1934)), vesicular stomatitis (Burnet 
and Galloway (1934)), Rift Valley fever (Saddington (1934)), 
influenza (Smith (1935)), alastrim (Torres and Teixera (1935)), 
equine encephalomyelitis (Higbie and Howitt (1935)), psittacosis 
(Burnet and Rountree (1935), Fortner and Pfaffenberg (1935)), 
louping ill (Burnet (1936a)), lymphocytic choriomeningitis 
(Bengtson and Wooley (1936)), sandfly fever and dengue fever 
Shortt, Rao and Swaminath (1936)), ectromelia infectiosa 
(Paschen (1936)), common cold (Kneeland, Mills and Dochez 
(1936)), St. Louis encephalitis (Harrison and Moore (1936)), 
variola (Lazarus, Eddie and Meyer (1937a)), rabies (Kligler and 
Bernkopf (1938)), typhus fever (Zia (1934)) and Rocky Mountain 
spotted fever (Bengtson and Dyer (1935)). The rapidly grow- 
ing list of viruses and rickettsiae propagated on this medium 
in a comparatively short time attests both to the efficiency of 
the method and to its general simplicity. 

In addition to the successful propagation of the virus of 
psittacosis on the chorio-allantoic membrane (Burnet and 
Rountree (1935), Fortner and Pfaffenberg (1935)), the literature 
shows reports of other methods which have been successfully 
applied to the study of the virus. Levinthal (1935) described 
multiplication of the virus in the endothelial and epithelial cells 
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of minced chicken embryo incubated with 5 ml. of Tyrode solu- 
tion in Carrel flasks, while Haagen and Crodel (1936) report 
30 culture passages with undiminished virulence for mice by 
using single drop cultures and Maitland mass culture technique. 
Bland and Canti (1935) used the hanging drop method for 
photographic study of the developing forms of the virus, using 
darkfield technique, while MacCallum (1936) showed the need 
for living cells to produce multiplication of the virus. 


Technique 


Two methods of propagation of psittacosis virus in eggs have 
been used in this study and have been found to be uniformly 
satisfactory. The cover-slip method has been used when it 
has been necessary to watch the progress of the infection and 
to note the time of death of the embryo. The shell-flap method 
has been used for routine passages and where large quantities of 
the virus were desired. Goodpasture and Buddingh (1935) give 
a complete description of the technique of inoculation. 

For the purposes of this study, 9 or 10 day embryos were 
found to be most satisfactory. After inoculation the eggs were 
placed in an incubator kept at a temperature of 35.5 to 36.5°C., 
it having been observed that the number of dead embryos was 
much reduced by lowering the temperature of the incubator 
containing the inoculated eggs. Further reference will be made 
to the reasons for this fact. Humidity was kept relatively high 
by keeping pans of fresh water in the incubator, but the eggs 
could not be turned after inoculation by these methods. 

After incubation of the infected eggs for the proper period, the 
membranes were removed aseptically. The cover-slip or shell- 
flap was lifted off and the shell carefully broken with sterile 
forceps until the membrane was exposed. With experience 
this procedure could be carried out on the open laboratory bench 
without any contamination of the tissue. The membrane was 
cut out with sterile iridectomy scissors and placed in a Petri dish. 
Portions were then cut from the infected area for use in staining 
or transfer. 

Routine staining was carried out using the original method of 
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Castaneda (1930) and the standard Giemsa method. The 
Castaneda stain was more satisfactory for checking infected 
tissue before transfer, since the presence of L.C.L. bodies and 
the absence of bacteria could be rapidly verified and the entire 
staining procedure was completed in less than 5 minutes. The 
Giemsa stain gave more clean-cut microscopic pictures and was 
more valuable for photomicrographic purposes. 

The victoria blue stain of Herzberg (1936) has given excellent 
results, although no counterstain could be used and it was some- 
times difficult to identify the virus elements inside the cells. 
Victoria blue “‘Bayer’’ was made up in a saturated aqueous 
solution (3 per cent) and allowed to settle overnight. Immedi- 
ately before using, 5 per cent saturated citric acid was added to 
the stain. The smears were air-dried for 24 hours and then 
covered with the mixture of dye and citric acid. After 2} to 
3 minutes, the slide was rinsed in tap water and blotted. Exami- 
nation was made under the oil immersion lens without further 
staining. The elementary bodies appeared a dark blue against 
a lighter blue background of tissue cells. 

The Macchiavello stain suggested by Zinsser (1937) yielded 
valuable results. Smears were fixed with moderate heat and 
stained for 3 minutes with a solution containing 0.25 per cent 
basic fuchsin in phosphate buffer or distilled water at pH 7.4. 
The slides were then rapidly washed with 0.5 per cent citric acid 
in distilled water. Counterstaining was rapidly done with | 
per cent methylene blue. L.C.L. bodies appeared bright red 
against a pale blue background. 


Virus strains used 

Three strains of psittacosis virus were used in this study. 
The “Australian OH” strain was isolated in September 1933 
from shell parrakeets received from Australia and has had no 
known connection with human cases. The ‘‘Rheinen”’ strain of 
the virus was isolated from the sputum of a human case of the 
disease contracted by contact with infected shell parrakeets in 
September 1934, while the ‘‘Maine”’ strain was isolated from shell 
parrakeets received from Portland, Maine in February 1934 and 
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has had no known connection with any human case. These 
three strains were passed routinely through susceptible white 
mice and occasional birds until they were inoculated into de- 
veloping eggs. 


Experimental procedure 


In September 1935, using 1 drop of a 10 per cent mouse spleen 
emulsion in broth, the Australian OH strain was successfully 
propagated and transferred in eggs. Due to lack of training 
in the technique and to incubation at too high a temperature, 
approximately 50 per cent of the early passages resulted in death 
of the embryo. As the technique improved and the necessity 
for lower incubation temperatures was recognized, this percentage 
decreased until it has become negligible. All membranes were 
checked with the Castaneda stain before passing and no mem- 
branes from eggs containing dead embryos were used when it 
was possible to obtain freshly sacrificed material. Routine bac- 
teriological cultures on blood agar, Avery’s broth and brain 
broth were consistently negative throughout this study. 

Early passages were accomplished by transferring a piece of 
infected membrane 1 mm. in diameter to a newly exposed mem- 
brane. The first 14 passages resulted in death of the embryo in 
from 5 to 6 days, with positive findings in membrane, spleen and 
liver impression smears with the Castaneda and Giemsa stains. 
After the 14th passage, death began to occur earlier and was 
stabilized at from 4 to 5 days by the time the 22nd passage had 
been reached. One ml. of ground 10-per-cent membr«ne emul- 
sion in broth from the 4th and 5th passages injected intraperi- 
toneally into white mice killed the animals in from 3 to 4 days 
with typical psittacosis lesions. 

The liver was removed from an embryo in the 3rd passage 
and a 1 mm. piece of the tissue was transferred to a newly ex- 
posed membrane. Typical positive membrane results were ob- 
tained and the liver to membrane passage was continued up to 
the 20th passage. Precautions were taken to assure removal 
of the liver without fouling the tissue with the infected mem- 
brane. Grossly and microscopically, the membranes inoculated 
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in this manner were indistinguishable from those inoculated with 
infected membrane material. 

The Rheinen and Maine strains were established in egg mem- 
branes in a similar manner. Infection with the Rheinen strain 
resulted in death of the embryo in 3 to 5 days after the virus 
became ‘“‘fixed’’ by 10 preliminary passages. The Maine strain 
was able consistently to kill the embryo in 3 to 4 days after inocu- 
lation when 15 preliminary passages had been made. Liver and 
spleen were found to contain the virus in all cases, and successful 
transfers were made using fragments of these organs as inocula. 

Several attempts to produce membrane infection with rather 
weak mouse spleen suspensions failed. Attempts to use mem- 
brane material stored in the ice box for 18, 20 and 25 days failed 
to produce any positive results in the chorio-allantoic membrane. 
While the egg membranes in both cases were bacteriologically 
sterile, L.C.L. bodies were either absent or found in very small 
numbers. 

The Maine strain of psittacosis virus was used in the following 
studies. The virus has been passed from egg to egg for the past 
38 months and at the time of writing has undergone over 425 
consecutive bacteria-free passages without any intervening ani- 
mal passage. The virus kills the embryo regularly in from 72 
to 96 hours and the infectiousness for susceptible white mice has 
remained unaltered, as will be shown in later sections. Passage 
is made 3 times weekly, once after 72 hours incubation and twice 
after 48 hours. Nine to 10 day eggs are used exclusively and a 
minimum of 6 eggs is used at each passage. No bacterial con- 
taminations have been encountered in the past 32 months. In 
addition to the experimental studies below, virus has been sup- 
plied to other investigators for use in animal immunization and 
complement fixation studies. 


Observations during egg propagation 


Using a tissue inoculum, the first signs of infection of the 
chorio-allantoic membrane appeared about 40 hours after inocu- 
lation. The area in the immediate vicinity of the primary in- 
fection became grayish and edematous, and the lesion spread 
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rapidly throughout the membrane, until at about 70 hours the 
entire exposed surface was thickened and gray, but without 
sharply defined lesions. This was in marked contrast to the ob- 
servations of Burnet and Rountree (1935) who described discrete 
focal lesions about 0.25 to 1.0 mm. in diameter. In our experi- 
ence with over 4,600 inoculated eggs, discrete foci were seldom 
observed, regardless of the form or dilution of the inoculum. The 
membranes were quite thickened by edema and in 72 hours might 
measure as much as 2 mm. in cross section. The general opacity 
noted in these infected membranes was caused by the cellular 
infiltration between the ectoderm and entoderm. If the infec- 
tion was allowed to progress, the embryo succumbed between the 
3rd and 4th day and the edema rapidly disappeared from the 
tissue. The original inoculum became necrotic and was occa- 
sionally surrounded by a small amount of dried extravasated 
blood. Occasionally membranes would be extremely dry and 
free from edema. This was probably due to physical conditions 
in the shell, allowing moisture to evaporate from the tissue 
surface. 

Using a liquid inoculum of the Maine strain, the same gross 
picture resulted in the membrane, with the time of death vary- 
ing in accordance with the dilution employed. If 0.1 ml. of 
undiluted saline-virus suspension, prepared in a manner to be 
described later, was used, the resulting membrane infection was 
not grossly distinguishable from that following a tissue inoculum, 
except of course the absence of the tissue fragment used as the 
inoculum. The time of embryo death was not altered from the 
above when the undiluted material was used. A 1 in 100 dilu- 
tion of the virus-saline suspension resulted in death of the em- 
bryo in 5 to 6 days, while a 1 in 1,000 dilution caused death in 
6 to 8 days. The eggs inoculated with more dilute material 
usually hatched and because of the danger of laboratory infection, 
these chicks were immediately destroyed and the shells and 
dried discarded membranes were autoclaved. 

The membranes resulting from these diluted inoculations were 
similar to those from undiluted material, except that the surface 
drying due to prolonged incubation was more pronounced. In 
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no case was it possible to produce a proved infection without 
embryo death. Burnet and Rountree (1935) in their studies 
used an admittedly weak strain of bird virus, and in their dis- 
cussion state that “it would be of great interest to know whether 
more virulent strains derived from or associated with human 
cases showed a capacity to overcome this defense mechanism 
of the egg.” 

Regarding the embryo proper, no skin lesions have ever been 
observed. The organs underwent some changes, as would be 
expected from the proved presence of virus in the viscera. The 
spleen was enlarged and the liver occasionally showed areas of 
fatty necrosis, usually confined to the median margins of the 
lobes. The normal size of the organs was exceedingly difficult 
to standardize, since the embryos underwent their most rapid 
period of growth during the age at which they were used for this 
type of work. In addition, two embryos of the same incubation 
age may show a tremendous variation in size, and, thus, a state- 
ment that any organ had become enlarged could only be made 
when the tissue showed a hypertrophy out of all proportion to 
the other organs. 

A previously undescribed finding was the production of water 
blebs in the amniotic sac of heavily infected eggs. These blebs 
were round and raised and attained a size of 5 mm. in diameter. 
They were not always present and probably represented the 
reaction of the tissue to an overwhelming infection, with an 
accompanying increase in temperature. That they are entirely 
non-specific for psittacosis was shown by the fact that they have 
also been observed in eggs heavily infected with vaccinia and 
variola viruses and in uninoculated eggs incubated at higher tem- 
peratures than normal. From the fact that these blebs could be 
produced in normal eggs by raising the incubation temperature 
to around 41°C. for about 24 hours, it appeared reasonable to 
assume that they were the result of temperatures above normal. 

These facts supplied a logical explanation for the observation 
that infected eggs showed a much lower mortality rate when in- 
cubated at temperatures around 35.5°C. This applied to vac- 
cinia and variola viruses as well as to psittacosis and has been 
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observed by other workers in this field without any attempt to 
supply an explanation (Burnet (1936b)). In the face of the ob- 
servations made, it appears reasonable to state that the infected 
embryo maintains a higher body temperature than is normal, 
and that by keeping the surrounding environment at a lower 
temperature, the egg may lose heat rapidly enough to delay death 
of the embryo. A careful search of the clear fluid inside these 
blebs failed to reveal any elementary bodies in any type of in- 
fection, and it must be concluded that they were the result of 
an overwhelming infection with an accompanying rise in tem- 
perature. 


Microscopic observations 


Microscopically, the membrane yielded valuable information. 
The first positive findings in impression smears were observed 
about 40 hours after infection. Castaneda stains of the mem- 
brane showed both ectodermal and leucocytic cells to contain 
varly enlarged virus bodies, approximately 0.8 u in diameter. 
These bodies were frequently elongated, and apparently divided 
by simple fission to produce the clusters of 4 to 8 intracellular 
L.C.L. bodies also found in these early preparations. A similar 
mechanism, elongation followed by binary fission, has been 
demonstrated for ectromelia elementary bodies by Barnard 
and Elford (1931). 

As the infection progressed, the small clusters of L.C.L. bodies 
underwent rapid increase in size, so that by the time the peak 
of the invasion was reached in 72 hours, the ectodermal cells 
were tremendously enlarged, and frequently contained masses 
20 uw in diameter. Around the 3rd day of the infection, these 
enlarged cells burst and liberated great numbers of free L.C.L. 
bodies. The smears of the 72-hour membranes showed many 
ectodermal cells containing these huge ‘“‘colonies’’ as well as 
numerous free bodies broken from the infected cells by pressure 
and by mechanical trauma in preparing the smears. The 72- 
hour membranes also showed some few early forms, showing 
that the first stages may have caused a second invasion of previ- 
ously uninvolved cells. In membranes from recently dead 











132 ALFRED 8. LAZARUS AND K. F. MEYER 


embryos the L.C.L. bodies were present in the free state in 
tremendous numbers, probably as the result of tissue autolysis 
after the death of the embryo. Several thousand free bodies 
per oil immersion field have often been observed in Castaneda- 
stained smears of such membranes. 

An interesting observation in the impression smears of infected 
membranes has been the apparently increased size of the indi- 
vidual elementary body. Microscopic examination has shown 
the chicken membrane L.C.L. bodies to be approximately one- 
third larger than the elementary bodies found in mouse material 
when stained by the same method. When virus suspensions 
prepared from egg membranes were inoculated into white mice, 
the resulting elementary bodies in the mouse were smaller than 
those in the original material, but occasional larger forms were 
observed with regularity. This disparity in the size of the virus 
bodies from different hosts may possibly be accounted for on the 
basis of the egg membrane being a more favorable medium, as 
evidenced by the great number of L.C.L. bodies found, or it may 
have been caused by the reaction of the stain with the protein of 
the host. In view of the difficulty encountered in filtering egg 
membrane virus, as reported below, there was some basis for 
believing that an actual increase in the size of the virus body 
had occurred. However, ultrafiltration studies showed the par- 
ticles from different hosts to be identical, or nearly so, in size and 
it must be concluded that the observed microscopic increase was 
due to the protein of the host forming a film which reacted with 
the dye to give an impression of a relative increase in size. 

Impression preparations of the liver and spleen of 72-hour 
infected embryos have shown definite inclusion and elementary 
bodies, but in no such quantities as in membrane smears. The 
small amount of virus demonstrable in these organs, together 
with the large amount of fat and extraneous material, precluded 
the possibility of using these tissues as a source of large quantities 
of virus. The organ involvement of the chick embryo is in con- 
trast to the findings of Burnet and Rountree (1935) who reported 
an absence of the virus in the spleens of embryos with gross 
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membrane lesions, using a strain of psittacosis only moderately 
virulent for mice. 

The amniotic fluid was consistently negative for the presence 
of virus, both by microscopic examination and by mouse inocu- 
lation. With the presence of the virus in the organs of the 
embryo proved, the only means of transport from the membrane 
to the embryo without contamination of the amniotic fluid was 
by way of the blood stream. Microscopic examination of blood 
smears prepared from the heart blood and from the umbilical 
vessel blood showed definite evidence of minute quantities of 
virus. 

An interesting finding also observed by Burnet and Rountree 
(1935) was the presence of large red-staining bodies in Castaneda 
preparations of 72-hour membranes. These forms may reach 
a size of 2 u in diameter, are invariably extracellular and tend to 
appear in groups up to 10 in number. Burnet and Rountree 
(1935) have called these clusters early forms of virus, an inter- 
pretation not necessarily proved as yet. In view of the extra- 
cellular nature of these forms and their presence in Casta- 
neda-stained membranes, it is believed that these clumps of 
indeterminate nature may represent artefacts resulting from 
coagulation of protein material from the formalin used in this 
stain. These bodies have not been described in sectioned mate- 
rial, nor have they ever been observed in sediments of centrifuged 
material. There are three possible explanations for the presence 
of these forms: (1) They may be portions of the encapsulating 
membrane surrounding virus “‘colonies’’ as described by Bland 
and Canti (1935). (2) They may be artefacts resulting from the 
action of formalin on the nuclear material present in such large 
quantities in an overwhelming infection. (3) They may be stages 
in the actual development of the virus. Due to the absence of 
these forms from sediments containing large numbers of L.C.L. 
bodies, it is felt that they were more likely to be the result of the 
staining procedures than a stage in the infection. It is of in- 
terest to observe the gross similarity of these forms to the new 
group of saprophytic filterable organisms recently described and 
pictured by Laidlaw and Elford (1936). 
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Discussion 


The findings with egg membrane propagation fully confirmed 
the statements of Bedson and Western (1930a, 1930b) and Meyer 
(1935) that the number of L.C.L. bodies runs parallel with the 
virulence. Attempts to cultivate the virus on the membrane 
failed with weak suspensions of mouse material, while the rapid 
loss of virulence of stored membrane material was noteworthy. 
This bears out the impression of Burnet (1936b), who stated that 
the mouse was a more sensitive medium for the detection of the 
virus than the egg membrane. Highly virulent mouse material 
resulted in an overwhelming infection of the membrane with the 
production of great numbers of elementary bodies, which has 
made possible over 425 uninterrupted passages of the membrane 
virus. Likewise, when large numbers of elementary bodies were 
present, the embryo succumbed, which was not the case if only a 
few L.C.L. bodies were found. Accompanying the production 
of numerous elementary bodies has been an unaltered infectious- 
ness for the white mouse after 38 months of consecutive egg 
membrane passage. Obviously a heavy original inoculum was 
necessary but once multiplication commenced, the embryonic 
cells supplied such a splendid medium for continued reproduction 
that highly virulent material was produced constantly. From 
these findings and from evidence to be presented in later sections, 
it appears obvious that the elementary body is the actual virus particle, 
a view that is becoming more and more generally accepted as evidence 
accumulates. 

The question of a developmental cycle for psittacosis virus 
has been the subject of much interesting work. Bedson and 
Bland (1932) thoroughly studied the development of the cellular 
inclusions and favored for a time the hypothesis that the virus 
was not a bacterium but possessed protozoal affinities with a 
developmental cycle of ameboid forms, or plasmodium, morula, 
division and subdivision of morula elements and finally ele- 
mentary bodies. This hypothesis was withdrawn later (Bedson 
(1933), Bedson and Bland (1934)) and the authors now agree 
with the opinion that this virus is a microorganism with bacte- 
rial affinities (Levinthal (1935)). Two forms of intracellular 








ed 
yer 
he 
ne 
vid 
ry. 
iat 
he 
ial 


1as 
ne 
ore 
ya 


‘us 
nd 
lar 
us 


lar 





nowt 


Git ite agit 2/48 oe meee ae, 5M 


so ret Ni ns Ne ei at wh BANNF pt 





di cettsisicniiaindlance 





THE VIRUS OF PSITTACOSIS 135 


development have been postulated by Levinthal (1935), depend- 
ing on whether or not the invaded cell was normal. Bland and 
Canti (1935) in a splendid photomicrographic study using chick 
embryo tissue cultures showed the existence of a developmental 
cycle and the presence of a membrane encapsulating the colonies 
of elementary bodies. Burnet and Rountree (1935) discussed 
the development of the virus in egg membranes, and on the basis 
of the results herein reported, the major conclusions of the Aus- 
tralian workers regarding a developmental cycle are fully con- 
firmed. 

Briefly, on the basis of Castaneda and Giemsa stained smears, 
the observations of the developmental cycle of this virus may be 
summarized as follows:(1) The earliest forms found in ectodermal 
cells were larger than the mature elementary bodies and represent 
the simple increase in size of the single L.C.L. body after entering 
the cell. The enlarged size probably represented the influence 
of lack of pressure from other inclusions and the result of more 
intimate contact with the cytoplasm. These larger forms may 
multiply in the protoplasm and diffuse throughout the cell, thus 
giving rise to several colonies in one cell. If smears were made 
at this stage, the larger forms (about 1 «) were occasionally found 
free as a result of mechanical trauma or actual liberation from the 
cell. This form stained blue with the Castaneda stain. (2) The 
colonies were formed by simple multiplication of the original 
infecting particle, probably by binary fission. At this stage 
small clumps of discrete elementary bodies, blue staining with 
Castaneda’s method, were observed inside the cytoplasm and 
small free clumps were likewise seen in impression smears. Divi- 
sion by simple binary fission was further verified by the presence 
of many intra- and extracellular diplococcoid forms in this stage. 
These forms stain blue by the Castaneda stain. (3) As the 
colonies increased in size, the encapsulating membrane developed, 
whether from the virus particles or from the cellular protoplasm 
could not be determined. If more than one group was developing 
in a single cell, these colonies may fuse to form the very large 
clumps of elementary bodies found in the ectodermal cells. The 
early clumps of virus surrounded by the capsular membrane 
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may account for some of the red-staining bodies seen with the 
Castaneda method. (4) The membrane ruptured as the ele- 
mentary bodies increased and the cell weakened. Large numbers 
of free bodies were released. It was doubtful if these free forms 
could re-enter susceptible cells in egg membranes, since the entire 
cycle took approximately 72 hours and the embryo succumbed 
after that time, a fact of considerable interest and significance. 
What early forms there were in 72-hour preparations may be 
accounted for by the release of large forms from stage (1). The 
appearance of the so-called ‘“‘morula” forms could not be con- 
firmed, but these may result in mouse material as described by 
Bedson and Bland (1932) due to differences in protoplasmic den- 
sity or other physical causes. 


SUMMARY 


1. The virus of psittacosis has been propagated on the chorio- 
allantoic membrane of the developing egg for a period of 38 
months without any loss of infectiousness for mice. Over 425 
consecutive bacteria-free passages have yielded material for a 
wide variety of studies. 

2. Psittacosis virus has been consistently recovered from the 
spleen and liver of the embryos. 

3. The virus has become ‘“‘fixed’’ for the host and causes death 
of the embryo between the 3rd and 4th days, with a probable 
increase in the temperature of the embryo. 

4. A simple developmental cycle has been postulated and 
demonstrated on the basis of stained smears from infected 
membranes. 


PREPARATION OF VIRUS SUSPENSIONS 


Review 


The literature contains little reference to the preparation of 
suspensions of psittacosis virus. The work on the complement 
fixation reaction (Bedson (1935), Levinthal (1935)) refers only to 
the use of dilute suspensions of infected organs of mice. The egg 
membrane studies of Burnet and Rountree (1935) make no refer- 
ence to uses of the virus outside of microscopic examination. 
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Since this type of material supplied a rich source of large amounts 
of virus, it was considered of value to prepare suspensions of virus 
that could be used for more specific investigations. The general 
methods followed have been outlined by Craigie (1932) in refer- 
ence to vaccinia and by Rivers and Ward (1937) in reference to 
infectious myxomatosis. Further mention will be made of these 
applications as the methods are outlined. 


Methods of preparation of crude suspensions 


The presence of large numbers of L.C.L. bodies in impression 
smears of infected egg membranes gave promise of large yields 
of relatively pure virus. The mouse spleen and liver, on the 
other hand, contained relatively small amounts of virus and large 
amounts of fat and extraneous tissue material. It was soon 
observed that the egg membranes could be washed in buffered 
saline or buffered water and that the washings contained large 
amounts of virus when titrated by intraperitoneal inoculation 
into susceptible white mice of a common stock. 

The buffered water referred to in this and future sections was 
prepared according to MclIlvaine’s standards using mixtures of 
0.2 M Na;sHPO, and 0.1 M citric acid (Clark (1925)). These 
mixtures were diluted 1 in 50 by the addition of distilled water. 
The buffered saline contained 0.85 per cent NaCl in addition to 
the above. The pH was checked by phenol red after the solu- 
tions were autoclaved. 

In preparing suspensions of L.C.L. bodies, an arbitrary stand- 
ard of 2 ml. of diluent per membrane was set up. The infected 
area of different membranes varied considerably in size, but large 
numbers of membranes were used, and the arbitrary standard 
yielded uniformly satisfactory results. 

In general, the procedure followed was to shake the infected 
membranes with the diluent in a mechanical shaker in a 50 ml. 
Erlenmeyer flask for from 20 to 30 minutes. The mixture was 
then centrifuged in the ordinary laboratory centrifuge for 15 to 30 
minutes at 3,000 revolutions per minute in order to throw down 
gross tissue particles. The resulting serum-colored supernatant 
fluid was removed, the sediment resuspended, shaken and 
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centrifuged once more. The supernatant was removed and 
pooled with the first. The pooled suspension was centrifuged 
once more for 20 minutes and the supernatant fluid was used as a 
basic suspension for further work. 

Occasionally, the membranes were minced before shaking, with 
little apparent effect. If the shaking was done in the presence of 
glass beads, large amounts of soluble protein were present in the 
final crude suspensions and little increase in virus content was 
evident. For this reason, the membranes were handled gently, 


TABLE 1 
Maintenance of potency of crude suspensions after 309 passages 





eee 6/11/36 





Egg passage number 


Strain. 


Straight K2+ 
10-1 
10-3 ‘ D6+ 
10-3 
10~¢ ‘ c D6+ D6+ 
10-5 ¢ D8+ D7+ D7+ D7+ 
10-¢ < D8? D9+ D9+ D10+ 
10-7 D12+ | D8+ D13+ | D10+ 
10-8 $61+ D12+ D15+ | D15+ 
10-* $48 — Dil+ S4i9-— | D21+ 


S = mouse sacrificed, not ill, D = mouse dead, K = mouse killed in extremis, 
+ = typical findings for psittacosis, — = negative for psittacosis, ? = findings 
doubtful. Figures indicate days after inoculation. 


in order that the final supernatant fluid would contain as little 
foreign material as possible. 


Results 


The crude suspensions were remarkably uniform if used shortly 
after preparation. Table 1 shows the titration of crude suspen- 
sions in white mice and illustrates the maintenance of potency 
after numerous transfers in egg membranes. 

All inoculations were done within 3 hours after the completion 
of the preparation of the suspension. The amount injected was 
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invariably 0.5 ml. and intraperitoneal inoculation was the method 
of choice. 

Table 1 illustrates not only the maintenance of virulence for 
white mice after numerous egg passages but also demonstrates 
another interesting finding, namely the tendency for death to 
occur in 3 days after inoculation, or in multiples of 3. This 
observation has been repeatedly made, and the phenomenon was 
probably the result of the release of large numbers of elementary 
bodies at the end of the 72-hour cycle already described. 

All autopsies were done as soon as possible after death. The 
appearance of the internal organs was used as the criterion for the 
presence or absence of infection. The changes in the viscera 
are well described by Levinthal (1935). In some cases, the 
presence of the virus was verified by staining impression smears 
of the peritoneal exudate by the Castaneda or Giemsa methods. 

This type of crude suspension rapidly lost its infectiousness for 
white mice after preparation. Storage in the ice chest at +4°C. 
was of little value in maintaining the potency of the material, 
and after 24 hours a definite decrease in infectiousness was ap- 
parent. After 5 days, little active virus was present and the 
suspensions generally were non-infectious in 10 days. This fact 
made it necessary to plan experiments so that the virus could 
be used shortly after preparation was completed. All suspen- 
sions were kept in the ice chest between the time of preparation 
and the time of actual inoculation. 

Crude suspensions of the type described were used for the 
filtration, centrifugalization and purification studies to be dis- 
cussed in later sections. In addition, these suspensions were 
used as an antigen for the study of the complement-fixing and 
neutralizing antibodies in studies by other workers. 


Preparation of purified suspensions 


The presence of large amounts of soluble protein in the crude 
virus suspensions made them of doubtful value for accurate 
serological work. It was accordingly decided to attempt further 
purification of this type of material. 

The studies of Ledingham (1931), Craigie (1932), and Craigie 
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and Wishart (1934a) followed by the work of Parker and Rivers 
(1935) on the virus of vaccinia gave definite proof that the 
elementary bodies of that disease could be concentrated and 
washed by means of differential and fractional centrifugalization. 
Using these methods, the psittacosis virus crude suspensions 
were subjected to further purification. 

The preparation of the crude suspensions was as already 
described, with one additional step. After removal from the 
egg, the infected membranes were rinsed in two changes of buf- 
fered saline, pH 7.2 to 7.6. Following this, they were then 
briefly rinsed in petroleum ether to remove part of the lipoid 
substances and were then again rinsed in buffered saline. The 
membranes were then used for the preparation of crude suspen- 
sions as already described. This treatment removed the muci- 


TABLE 2 
Demonstrating lack of toxicity of petroleum ether 





BEFORE WASHING WITH | AFTER WASHING WITH 


DILUTION OF VIRUS PETROLEUM ETHER PETROLEUM ETHER 


Straight | D3+ D3+ D3+ D4+ 


10-2 | D6+ D7+ D6+ D6+ 





D = dead, + = positive findings for psittacosis. Figures represent days after 
inoculation. 





laginous material adherent to the surface as well as blood which 
had oozed from the cut vessels of the membranes. Table 2 shows 
the non-toxicity of the petroleum ether for the psittacosis virus. 

The virus used for the experiment summarized in table 2 was 
from the 294th egg membrane passage. Half the membranes 
were treated according to the standard method for the preparation 
of crude suspensions. The remainder were treated in the same 
manner after washing with petroleum ether as described. The 
titrations in table 2 show that the brief exposure to the petroleum 
ether was not sufficient to decrease the infectiousness of the virus. 

The crude suspensions prepared from the washed membranes 
were then placed in flat Pyrex tubes with an inside diameter of 
4 mm. and a capacity of 4 ml. and run in a Swedish angle cen- 
trifuge for 1 hour at 4,500 R.P.M. The use and advantages of 
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this instrument will be discussed in a later section. The super- 
natant fluid was poured off and saved for titration of precipitino- 
gens. The angle sediment, which contained practically all of the 
elementary bodies as well as considerable amounts of tissue 
materials, was taken up in 5 to 10 ml. of buffered water, pH 8.2. 
To this suspension was added 0.5 ml. of the Seitz filtrate of a 1 
per cent solution of Fairchild commercial trypsin. This trypsin 
had previously been freed from lipoids by successive extraction 
in the Soxhlet apparatus with ethyl ether and petroleum ether, 
for 6 hours each. The suspending fluid was kept at a relatively 
high pH in order that the trypsin might work in its optimum 
range. Fat-extracted trypsin was used because Pirie (1935) 
found that the lipoids in commercial trypsin, not the enzyme, 
inactivated vaccinia virus. The virus-trypsin mixture was then 
incubated at 37°C. in a water bath for from 30 to 50 minutes. 
The digested material was then centrifugalized in the angle 
centrifuge three additional times, resuspending in buffered water 
of pH 7.2 to 7.6. The final sediment was suspended in buffered 
saline, pH 7.4 to 7.6, and centrifuged 15 to 30 minutes at 3,000 
R.P.M. in the ordinary horizontal centrifuge to throw down 
particles larger than the L.C.L. bodies. The opalescent super- 
natant fluid was then removed. 

The use of trypsin for the digestion of tissue materials was first 
suggested by Nicolle and Adil Bey (1906), and was re-described 
by Smadel and Wall (1937). The method has been applied with 
considerable success by the latter workers to purify vaccinia 
suspensions. Other viruses which are relatively unaffected by 
the action of purified trypsin are Rous and Fujinami fowl tumors 
(Pirie (1935)) and swine influenza and equine encephalomyelitis 
(Merrill (1936a)), but pseudo-rabies virus is destroyed (Merrill 
(1936a)). Table 3 illustrates the failure of purified trypsin to 
inactivate psittacosis virus. 

Tryptic digestion was an important procedure. Suspensions 
of virus after three washings still contained soluble tissue pro- 
teins, as indicated by a positive sulfosalicylic acid test, if trypsin 
was not employed. After two washings following tryptic diges- 
tion, the wash water was negative for soluble protein, by the same 
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test. Treatment with trypsin usually reduced the amount of the 
angle sediment to less than one-half its original volume. Smears 
of the angle sediment were much more free of amorphous material 
after digestion, when stained by Castaneda or the silver precipita- 
tion method of Morosow (1926). 

Isotonic saline could not be employed as a washing fluid because 
the elementary body sediment underwent spontaneous agglutina- 
tion in the presence of 0.85 per cent saline. Craigie and Wishart 
(1934b) have described the same phenomenon with vaccinia ele- 
mentary bodies. The sediment from a saline suspension was 
granular and impossible to resuspend. The final suspension was 
made in buffered saline in order that the electrolyte concentration 
would be satisfactory for serological studies. These suspensions 


TABLE 3 
Illustrating lack of toxicity of trypsin 
294TH PASSAGE STRAIGHT 


Before trypsin D2+ D4+ 


After trypsin D2+ D3+ 


After washing ; D4+ D4+ 


D = mouse dead, + = typical findings for psittacosis. Figures indicate days 
after intraperitoneal inoculation of 0.5 cc. 


could be stored indefinitely in the ice chest with little sign of 
spontaneous agglutination. 

Although tables 2 and 3 show the lack of toxicity of petroleum 
ether and purified trypsin in the procedures used, it was consid- 
ered desirable to do a more complete titration which would give a 
comparison between the crude suspension and the same material 
following purification by the procedures described. Table 4 
shows the result of such a titration. The material used was 
obtained from the 318th passage of egg membrane virus and 
was titrated by the usual method of intraperitoneal inoculation 
of 0.5 ec. into susceptible white mice. 

Table 4 not only illustrates the close comparison between the 
infectiousness of the crude and purified suspensions, but also 
indicates the variation in individual susceptibility of mice receiv- 
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ing the same material. Also may be observed the tendency of 
mice receiving small amounts of virus to acquire a latent infection 
which may be proved only by autopsy. This latter property of 
the psittacosis virus has led to false interpretations of neutraliza- 
tion and immunization experiments in the past. 


TABLE 4 


Comparison of crude and purified suspensions 


DILUTION CRUDE PURIFIED 
Straight D2+ D2+ D3+ D3+ 
D2+ D3+ D3+ D3+ 
10°? D4+ D4+ D4+ D7+ 
D4+ Di+ D5+ D9+ 
10-* D7+ pD9+ D7+ D9-+ 
D8s+ Db9+ D8s+ S604 
10-5 D7+ D15+ D7+ D9+4 
D9+ $60+ D9+ S60+ 
10°* } D10+ D22+ D11+ S60 
D21+ D60— D15+ S60 
10-7 | D2- D19+ D10+ D2 
D18+ 860+ Dli+ D134 
10-8 D9? D12+ Dil+ D194 
D10+ 860+ D15+ 860+ 
10-* 860+ 860+ D10+ D23+ 
S60+ 860+ D21+ S60 
D = mouse dead, S = mouse sacrificed, apparently healthy, + = typical 
findings for psittacosis, — = negative findings for psittacosis, ? = questionable 


findings anatomically. Figures indicate number of days after inoculation 


Standardization of purified suspensions 


It was considered of value to attempt to standardize the L.C.L. 
body suspensions, since they were to be used as antigens and 
uniform dosage was desirable. Standardization by mouse 
titration was not possible, since the suspensions had poor keeping 
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qualities and the length of time needed to observe inoculated 
animals precluded the use of this method. 

An attempt was made to compare suspensions of the type used 
with turbidity standards of the MacFarland type (Kolmer and 
Boerner (1938)). The no. 2 tube of this series, corresponding 
approximately to 6 x 10* bacteria per ml., was used throughout 
thisstudy. Attempts to compare the L.C.L. suspensions directly 
to the nephelometer tube gave unsatisfactory results, due to the 
difference in optical properties. The virus suspensions were of an 
opalescent nature, as compared to the opaque barium sulphate 
standard. However, it was found that an infusorial earth sus- 
pension had similar optical properties to the L.C.L. suspensions, 
and a permanent standard was prepared from finely ground in- 
fusorial earth. This tube roughly resembled the MacFarland 
no. 2 nephelometer tube, and corresponded to between 2 x 10° 
and 4 x 10° L.C.L. bodies per ml., as will be shown in the 
direct counting method described below. This standard in- 
fusorial earth tube was used in the preparation of all L.C.L. 
bodies for antigenic purposes. 

Since the turbidity standard gave only approximate results 
an attempt was made to determine the number of L.C.L. bodies 
more accurately. For this purpose the Petroff-Hausser counting 
chamber was considered most valuable, since it permitted the use 
of the darkfield together with the oil immersion objective. This 
chamber had a depth of 0.02 mm. and was equipped with an 
improved Neubauer ruling. The special reinforced coverglass 
permitted the use of the oil immersion objective and maintained 
the entire depth of the cell in sharp focus. 

In this counting chamber, each square had an area of 2.5 X 10-* 
mm. and a depth of 2 X 10-?mm. This gave a total volume of 
5 xX 10-5 cu. mm. or 5 X 10-8 ml. per square. Each particle 
seen in one square therefore represented 2 < 10’ particles in the 
suspension being used. This was corrected when diluted sus- 
pensions were being counted, so that the number of particles in 
the washed elementary body preparations was readily obtained. 

Before making the count, the chamber was carefully cleansed, 
and all oil removed from the surfaces. All suspensions were 
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lightly centrifuged at 1,500 R.P.M. for 5 minutes before counting, 
in order that lint and debris would be eliminated. The suspen- 
sions counted were 1-in-10 dilutions of washed suspensions. All 
dilutions were made in double distilled water to which had been 
added 1 per cent formalin. These suspensions were incubated 
at 37°C. for 6 hours preceding the counts, in order that all the 
virus would be inactivated. As far as possible, all precautions 
were taken to prevent contamination of any part of the counting 
chamber other than that in actual contact with the killed virus 
suspension, and the entire chamber was placed in alcohol on 
completion of the count. Due to the presence of the formalin 


TABLE 5 
Distribution of particles in counting chamber 


| 
NUMBER OF PARTICLES PER @QUARE | SQUARES CONTAINING GIVEN NUMBER OF PARTICLES 


12 or less | 7 

13 | 6 

14 8 

15 7 

16 7 

17 6 

18 | 6 

19 or more 3 
Total 50 
Mean....... vada ; 15.04 


and the incubation period necessary to inactivate the elementary 
bodies, it was felt that the method probably was inaccurate, since 
some of the virus particles were undoubtedly lysed during the 
treatment. However, no other safe method presented itself and 
the counts were done only by the technique already described. 
The comparison between the number of virus particles and the 
infectiousness for white mice is discussed below. 

The elementary bodies were readily identified in the counting 
chamber, using 10 X oculars and a 1.9 mm. oil immersion objec- 
tive. The counts were repeated several times. The results of 
one count which is considered typical of all are given in table 5. 
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This particular suspension therefore contained 15 x 10 x 2 
x 10’ or 3 X 10° particles per ml., since the counted material was 
diluted 1in10. This particular suspension also closely resembled 
the infusorial earth standard already described. 

The Breed method as used for counting bacteria in milk was 
considered as a possible means for estimating the number of 
L.C.L. bodies in a washed virus suspension. A preparation was 
made by washing egg membrane virus the usual 3 hours in the 
angle centrifuge and placing a volume of 0.01 ml. of the resulting 
suspension in a measured area. The smear was dried and 
stained by the Giemsa method after fixation. The elementary 
bodies were counted and the total number estimated. Each field 
contained approximately 6,000 L.C.L. bodies, giving an estimated 
number of 3 X 10% particles per ml. Due to the obvious dis- 
crepancy with mouse titration and direct counts as already 
described, this method was discarded. It was impossible to 
secure a uniform distribution of the particles in the measured area, 
the bodies tending to be far more concentrated at the edges of the 
smear. In addition, there was a known loss of virus during the 
staining process and the Breed count method was considered to 
be unsatisfactory for standardization purposes. 

It was observed that the number of elementary bodies in a 
freshly prepared suspension gave a good indication of the infective 
titer of that suspension. That is, asuspension containing 3 x 10° 
elementary bodies was usually infectious in a dilution of 10-°. 
This fact immediately suggested that the number of elementary 
bodies required to infect a susceptible white mouse was exceed- 
ingly small. Although the available evidence pointed toward an 
infection with one elementary body, no statistical methods could 
be successfully applied to determine the exact number of L.C.L. 
bodies required. Preliminary titration was impossible, due to the 
time required to infect mice if high dilutions were used and also 
because of the poor keeping qualities of the washed virus sus- 
pensions, as discussed below. An accurate statistical analysis 
could only be made by using several hundred mice and it was 
felt that the results did not warrant such an expensive procedure. 
The small number of elementary bodies needed to infect is of 
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interest in view of the recent work showing that only one Paschen 
granule is needed to infect the skin of a rabbit (Parker and Rivers 
(1936), Parker (1938)). Merrill (1936b) has also shown that the 
minimal infective dose of equine encephalomyelitis virus for white 
mice is less than 100 particles and probably less than 10 particles. 

Since it was decided to use the purified L.C.L. body suspensions 
as antigenic material, it was necessary to investigate the keeping 
properties of the washed virus when stored in the ice chest at 
+4°. It was soon observed that this material rapidly lost its 
infectiousness, and a washed and purified suspension was shown 
to be non-infectious for white mice 29 days after preparation and 
storage. This material had originally been infectious in a dilu- 
tion of 1 X 10-*. There was little observable difference in the 
keeping qualities of the washed virus whether it was suspended 
in buffered water or in buffered saline. The non-infectious 
suspensions were perfectly satisfactory for agglutination tests, 
as will be shown in a later section. 


SUMMARY 


1. The chorio-allantoic membrane of the developing egg has 
been used as a source for large amounts of psittacosis virus. 

2. The elementary bodies of psittacosis were freed of soluble 
protein and concentrated by means of washing, tryptic digestion 
and differential centrifugalization. These procedures did not 
result in an appreciable inactivation of the virus. 

3. The L.C.L. body suspensions were standardized by direct 
counting of inactivated suspensions in a darkfield counting 
chamber and by comparison with an infusorial earth standard. 

4. Both the crude and washed suspensions were found to lose 
their infectiousness for white mice after short periods of storage 
in the ice chest. 
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In a previous communication (Lazarus and Meyer (1939)), 
the propagation of the psittacosis virus and the preparation and 
standardization of washed suspensions have been discussed. In 
this paper, some of the uses to which these materials have been 
put will be outlined. 


CENTRIFUGATION 
Review 

Bedson and Western (1930) centrifuged filtrates of Chamber- 
land L1 bis candles for 2 hours at 5,000 R.P.M. The original 
material was mouse spleen ground in buffered water. Titration 
of the uncentrifuged material, the supernatant and the sediment 
in guinea pig skins showed a definite concentration of the virus 
in the sediment. No data are supplied regarding the tempera- 
tures reached during the centrifugation. Further experiments 
by Bedson (1932) showed that mouse spleen suspensions, after a 
preliminary centrifugation to remove gross particles, yielded a 
concentrated elementary body deposit after 2 hours at 5,000 
R.P.M. In addition, by washing and fractional centrifugation 
the virus was freed from extraneous protein. Stained smears 
of the final deposits showed that the only significant particulate 
material present was the elementary bodies. 

1 Portion of a thesis submitted by the senior author in partial satisfaction of 


the requirements for the degree of Doctor of Philosophy, University of California 
? Edith Claypole Memorial Research Feilow in Pathology, 1936-1938. 
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Numerous workers have been successful in concentrating the 
elementary bodies of vaccinia by the use of the angle centrifuge. 
These elementary bodies are probably slightly smaller than those 
of psittacosis. Craigie and Wishart (1934) describe the technique 
of centrifugation, and the results reported in the literature leave 
no doubt that a concentration and sedimentation of the vaccinia 
bodies has been accomplished. These findings have also been 
applied to the concentration of psittacosis virus, as already re- 
ported in previous sections of this paper. 

In view of the results reported above, it was considered of in- 
terest to determine whether the psittacosis virus could be com- 
pletely sedimented and washed, and whether the supernatant 
fluid could be freed of virus. No previous work of this nature is 
available as far as egg membrane virus is concerned. 


Experimental technique 


The ordinary type of laboratory centrifuge attaining a speed of 
3,000 revolutions per minute was used for removal of gross tissue 
debris in the preliminary preparation of the virus for the following 
studies. The angle centrifuge used in these experiments had a 
maximum speed of 3,000 R.P.M. It held 12 tubes at an angle of 
30° from the vertical. The flat tubes had a capacity of 4 ml. 
each. 

The high speed apparatus was an International Size 1, Type 
SB centrifuge equipped with a multispeed attachment and a 
number 295 conical head. The head had a capacity of 6 tubes 
held at an angle of 45° and containing approximately 4 ml. each. 
The machine was capable of attaining a speed of 20,000 R.P.M.., 
but for this study the speed was kept between 12,000 and 15,000 
R.P.M. so that results comparable to those already reported with 
vaccinia could be obtained. Ordinary glass tubes were fre- 
quently pulverized during the high speeds attained by this 
machine, and considerable difficulty was experienced until a 
supply of heavy-walled Pyrex centrifuge tubes were specially 
made by the Corning Glass Works. These tubes were 60 mm. 
long, having an inside diameter of 11 mm. and an outside diameter 
of 15mm. They had a round bottom and a capacity of slightly 
less than 4 ml. 
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The high speed centrifuge attained a temperature of 40°C. 
after a run of 30 minutes or longer and since the virus of psitta- 
cosis is inactivated rather easily at high temperatures, some 
procedure was needed to control this factor. Since the conical 
head of the high speed centrifuge did not rotate in the middle of 
the protective case, but close to one side, it was possible to add 
approximately 15 pounds of dry CO, ice without affecting opera- 
tion of the machine. By using about 10 pounds of dry ice per 
hour, the temperature of the interior of the centrifuge was kept 
well below 16°C. and no trouble was experienced with virus in- 
activation. 

The use of gelatin or agar gels for the purpose of preventing 
redispersion of sedimented particles has been approved by work- 
ers in the virus field. A disc of thick filter paper has likewise been 
successfully used for this purpose by Schlesinger (1932). For 
purposes of this study, a solution of 20 per cent gelatin was rapidly 
sterilized in the centrifuge tubes at 20 pounds pressure in the 
autoclave and the tubes were rotated as they cooled, giving a 
uniform layer of gelatin around the lower half of the tube. 


Results 


Space prohibits publication of the complete protocols for this 
series of experiments. Fifteen separate experiments were planned 
and carried out. Crude suspensions, prepared as already de- 
scribed (Lazarus and Meyer (1939)), were subjected to centrifuga- 
tion from 1 to 8 hours, at speeds ranging from 3,000 to 14,000 
R.P.M. Suspensions of the virus were tested before and after 
centrifugation, and both supernatant fluid and sediment were 
tested when practicable. Titrations of the material obtained 
were made in the usual manner by intraperitoneal inoculation of 
0.5 ml. into susceptible white mice. All material was inoculated 
within 3 hours of the end of the experiments and the suspensions 
to be tested were held in the ice chest until animal injection was 
done. All sediments were resuspended in the original volume of 
fluid so that titrations were comparable. Sampling was done as 
carefully as possible with a capillary pipette controlled by a 
rubber teat. Care was taken not to touch the sides of the tube 
or to disturb the sediment in any way. 
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Table 1 gives in a condensed form the results of representative 
experiments. The titer given shows the highest significant 
positive result obtained, although the end-point was not reached 
in all cases. All dilutions were made in infusion broth at pH 7.2 
to 7.6. 

Results similar to those reported in table 1 were obtained when 
the angle centrifuge was used at a speed of from 3,000 to 4,500 
R.P.M. While the sediment contained large numbers of L.C.L. 
bodies, the supernatant was also highly infectious when carefully 
removed and tested by mouse inoculation. There was no doubt 
that much virus was discarded in the washing processes described 
in the purification experiments. 

















TABLE 1 
Results of centrifugation experiments 
PAS- 
STRAIN a MENSTRUUM R.P.M. | TIME| SEDIMENT | SUPERNATANT, CONTROL 
BER 
Z ie are ot PLS A ee A, 
| hours | 
Maine “4 Buffered H:O pH 7.0 12-14, 000 1 10-* Ki2+ | 10 D3+ | 10* K6+ 
Maine | 17 Buffered H:O pH 7.0 13-15, 000) 1 10°? K6+ 10°? D8+ 10°? D6+ 
Maine 35 Buffered saline pH 6.9} 12,000 3 10°? D7+ 10? D9+ | 107% D9+ 
Maine | 52 Buffered H:O pH 7.7 | 12,000 | 3 10°? D5+ 10-77 D9+ | 10* D9+ 
Maine | 57 Buffered H:0 pH 7.3 12,000 6 10°? D6+ 10° D10+ | 10°* D12+ 
Maine | 70 | Buffered saline pH 7.4] 13,000 s 0 10 D10+ | 10 D10+ 








K = mouse killed in extremis, D = mouse dead, + = positive findings for psittacosis, 0 = not done. 
Figures indicate number of days after inoculation. 


Discussion 


From the preceding data, it appears obvious that the virus of 
psittacosis could not be entirely removed from a fluid suspension 
under the conditions of these experiments. The use of fuller’s 
earth as an adsorbing agent gave no indication of more satis- 
factory sedimentation. The use of gelatin-coated tubes gave 
slightly better results, but in no case was there any indication 
that a suspension could be entirely freed from infective particles. 

Prolonged centrifugation of 6 to 8 hours at high speeds showed 
some indication of more complete sedimentation. It was possible 
that a much longer period would gradually deplete the superna- 
tant fluid of virus,but obviously such methods were impracticable. 
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In view of the previously reported successes with psittacosis and 
vaccinia virus concentration using animal material, it is possible 
that the chick membrane virus was physically different from 
material from other sources. 

Physical factors may have been involved toa great extent in the 
centrifugation methods herein reported. As pointed out by Elford 
(1936), variations in temperature between different parts of the 
liquid will give rise to convection currents and so prevent uniform 
motion of the sedimenting particles. Since the tubes of the high 
speed centrifuge were completely enclosed in a head which spun 
in a cooled atmosphere, the conducted heat from the motor and 
shaft may have set up a temperature gradient in the liquid. 
However, the shaft was likewise exposed to the chilled air, and 
this factor probably played a minor part in these experiments. 

Elford (1936) has likewise pointed out that mechanical vibra- 
tion may tend directly to stir up a sediment if it is not tightly 
packed. In addition, indirect vibration transmitted to the liquid 
air interface may be carried into the liquid and, if not damped out 
before reaching the bottom of the tube, will tend to be reflected 
and disperse any sedimented particles. That this factor played 
an unimportant part in the preceding studies is shown by the 
fact that the gelatin-coated tubes gave no better results than the 
plain tubes. In addition, the centrifuge itself was quite steady 
while the speed was constant and gave only a minimum of vibra- 
tion while starting and stopping. 

The process of sampling probably contributed greatly to the 
failure to sediment the virus particles completely. In the pre- 
ceding series of experiments, sampling was done by hand, using 
capillary pipettes controlled by a rubber teat. Elford (1936) 
states flatly that “satisfactory sampling by hand is quite impcs- 
sible.” He recommends the use of a capillary pipette raised and 
lowered by a rack-and-pinion movement, with the sample taken 
by the use of a rubber teat controlled by a screw clamp. It is 
probable that such a process would have given more favorable 
results in the previous studies, but it appears that this factor 
alone could not have been responsible for the lack of complete 
sedimentation. 
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SUMMARY 


1. Centrifugation of psittacosis chick membrane virus sus- 
pensions for prolonged periods at high speeds has failed to yield 
complete sedimentation of the infective agent. 

2. Adsorbing agents and gelatin-coated tubes have not aided 
in complete sedimentation of the virus particle. 

3. The virus of psittacosis could be concentrated and washed 
by centrifugation methods, but large amounts of virus were lost 
by the technique used. 


FILTRATION 
Berkefeld, Chamberland and Seitz EK—review 


The literature regarding the filtration of material containing 
psittacosis virus is still more or less confused and variable results 
have been reported. The consensus of opinion is that the virus 
can pass through the more porous candles, such as the Chamber- 
land L1 bis, L2 and the Berkefeld V, while filters with smaller 
pores hold back the virus in much higher degree. As pointed out 
by Elford and Andrewes (1932), the findings in vaccinia filtration 
experiments are likewise irregular, while Blaxall (1930) has em- 
phasized the confusing evidence in filter-candle work with vaccinia 
material. Gordon (1925) mentions the variability of filtration 
of vaccinia and variola material through Berkefeld candles, and 
recommends the storage of virus-containing material in the ice 
box for several weeks. The resulting cell autolysis aids in filtra- 
tion, since the virus is freed from the cells. These data all point 
to the close resemblance in size of the viruses of psittacosis and 
vaccinia, a theory amply supported by the microscopic measure- 
ments of elementary bodies from the two infections. 

Coles (1930) reported finding coccoid bodies in the psittacosis 
filtrates of Seitz pads, while Gordon (1930) passed infectious 
material from two birds and two human cases through Seitz 
filters and obtained positive results, with, however, some loss of 
the virus. Krumwiede (1930) reported positive results with 
Berkefeld V candles, and Bedson, Western and Simpson (1930a, 
1930b) likewise obtained infectious filtrates through Chamberland 
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L1 bis and Seitz EK filters, using budgerigars as test animals. 
Bedson and Western (1930) used Chamberland L1 bis and L2 
candles and Seitz EK pads and reported some loss of virus when 
the filtrates were titrated in the guinea pig skin. Sacquépée and 
Jame (1930) reported some loss of the virus through Chamber- 
land L3 candles, while Levinthal (1930a) obtained some positive 
and some negative results using Berkefeld V candles. Elkeles 
and Schneider (1930) obtained positive filtration using Berkefeld 
N and V candles, but reported some loss of virus through Reichel 
D filters. Levinthal (1930b) obtained infectious filtrates from 
Berkefeld V candles with an estimated pore size of 3.8 yu, while 
the same worker obtained a non-infectious filtrate through a 
Berkefeld W filter with an estimated pore size of 1.9 u. Pesch 
(1930) reported no noticeable difference between filtered and 
unfiltered material using Seitz EK, Chamberland L2 and L3 and 
Berkefeld V candles. Armstrong, McCoy and Branham (1930) 
likewise found no material difference between filtered and unfil- 
tered material using Berkefeld N candles. 

The data supplied with all these filtration experiments are 
uniformly sketchy. No information is available as to the pres- 
sures used, the suspending medium, the hydrogen ion concentra- 
tion or the time and temperature of filtration. Whether or not 
the candles were new has considerable bearing on the results, as 
will be shown in the following data. Without further information, 
an accurate analysis of the data reviewed above was impossible 
and it was decided to attempt various filtration experiments under 
carefully controlled conditions. 


Experimental technique 


The general procedure for the preparation of psittacosis sus- 
pensions has already been outlined (Lazarus and Meyer (1939)). 
The suspensions used in the filtration experiments were of the 
crude type and the filter candles were standard. Suction for these 
experiments was supplied by an ordinary water pump, except in 
the mentioned cases where a higher vacuum was obtained from 
an electric pump. All filtrations were ¢arried out at room 
temperature (19 to 23°C.). Egg membrane virus was used 
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exclusively for these filtration experiments and controls were 
consistently used, in spite of the unaltered virulence of the 
membrane virus after numerous passages. All suspensions were 
prepared from 72-hour membranes, and routine Castaneda 
smears were made both on the original material and on the mice 
as they succumbed to the infection. 

All material tested was injected intraperitoneally into white 
mice of a common stock with a uniform susceptibility proved by 
previous experiments. Filtrates were held in the ice box for a 
period not exceeding 4 hours before inoculation. 

The complete protocols are too lengthy for publication. Table 
2 summarizes the results in composite form. 


TABLE 2 
Composite summary of filtration through candles and Seitz pads 


— — ——— een _— 
NEW USED | NEW 








EGG VIRUS MENSTRUUM | ay | ey J | 4 4 ay —— rk 
| (2) | — (1) | | | * (2) | ¥ (1) 
is Se { |} — (1 — (1) | 

Buffered H,0 pH 7.0 | — (2) | = (2) | (1) | (1) - a) | — (a) 

Buffered H,O pH 8.0.......| 0 | — (1) | 0 | 0 }=-(@)}-@) 
; | (= () | | 7 

Buffered saline pH 7.4... { 0 | = (1) | 0 | 0 0 (1) 

Hormone broth pH 7.8... 0 | = (1) a a | eS: 1..¢ 
+ = small amount of virus in filtrate, — = virus absent from filtrate, 0 = not 


done. Numbers in parenthesis represent times done. 


Discussion of results 


The most striking observation which can be made concerning 
the preceding experiments is the great loss of virus which accom- 
panied filtration through candles and Seitz pads. Control ani- 
mals succumbed up to a dilution of 10~* or higher with regularity, 
but even in those filtrations which showed some positive results, a 
great diminution of the amount of virus was obvious, the titer 
rarely exceeding 10-*. It appears clear that on a quantitative 
basis, successful filtration through filter candles and Seitz pads 
did not occur under the conditions of these experiments. 

The results, using the same materials and the same types of 
candles, could not be repeated under the same approximate condi- 
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tions, showing the extreme variation found when working with 
this form of filter. Seitz pads gave consistently negative results, 
with one inconclusive exception. Chamberland L3 candles gave 
negative results in 2 out of 4 attempts, but one of the positive 
findings was obtained only after the use of a high vacuum over a 
long period of time. Berkefeld N and W candles gave no positive 
results. One Berkefeld V candle showed 3 positive filtrations 
out of 4 attempts with, however, a great loss in the virulence of 
the filtrate as compared with the original unfiltered material. 
Two other Berkefeld V candles showed 1 positive filtration and 1 
completely negative, while the fourth and fifth candles of this 
type gave no suggestion of virus in the filtrate. 

Through the kindness of Dr. A. P. Krueger, the electrical charge 
was measured on 5 of the Berkefeld candles used. Dyes with 
colored cations were passed through the candles and the point at 
which the negative charge of the candles was satisfied was deter- 
mined by the presence of color in the filtrate. The candles 
removed a large amount of dye from solution, which accounted 
for the retention of virus by this type of filter. Saturation of the 
‘andle surface by acidulated egg albumen satisfied the charge of 
the candle and improved the filtration. 

Lacking details of the experiments reported in the literature, 
no comparison could be made with the work already reviewed. 
It is conceivable that the virus could pass through a used filter 
‘-andle under extreme conditions of vacuum and time, but in view 
of the results herein reported, the virus of psittacosis experienced 
great difficulty in passing through ordinary filters under the 
conditions of the experiments. What virus was found in the 
filtrate was greatly reduced, in proportion to the original infec- 
tiousness of the material. Since early reports dealt only with 
the qualitative presence of virus in the filtrate, without any 
attempt to titrate the amount present, it appears probable that 
small amounts were forced through the filters used and, due to the 
extremely high infectiousness of this virus, the results of filtrate 
inoculation suggested satisfactory filtration. 

The literature contains no reference to filtration with egg 
membrane virus. In view of the larger size of the elementary 
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body in this medium, as previously described, and the difficulty 
experienced in filtration work, it might be postulated that the 
infective particle had actually increased in size. This viewpoint 
was not supported by the centrifugation and ultrafiltration find- 
ings. It is reasonable to assume that the cultivation of this virus 
in the developing egg had resulted in the deposition of a coating 
around the infective particle, which may have accounted for the 
inability to pass through filters, as well as the increased particle 
size by the Castaneda stain. 


Ultrafiltration—review 


The only mention in the literature regarding the ultrafiltration 
of psittacosis virus is in the paper of Levinthal (1935). No de- 
tails regarding the conditions of filtration are available. Sir 
Henry Dale (1935) also refers briefly to unpublished experiments 
of Elford. 


Experimental technique 


The ultrafilters used were of the Elford ‘‘gradocol’”’ type. 
Complete details of the original method of Elford have been 
published (Elford (1931)) and a simplification of the method has 
been proposed by two American workers (Bauer and Hughes 
(1934)). 

In practice, the Bauer and Hughes modification of the Elford 
technique adds acetone and amy] alcohol to the ether and ethy] 
alcohol used for dissolving the nitrocellulose. Either acetone or 
amy! alcohol in conjunction with ether and ethyl alcohol consti- 
tutes an excellent solvent for nitrocellulose, but both together, in 
certain concentration, act antagonistically toward each other and 
initiate a coagulation and precipitation of the nitrocellulose in 
solution. When the collodion mixture is poured out and the 
solvents allowed to evaporate, the concentration of the least 
volatile ingredients becomes progressively increased. Thus amyl 
alcohol, being the least volatile of the components, becomes 
relatively more concentrated during the evaporation process, and 
in the presence of acetone initiates an aggregation of the nitro- 
cellulose while the residual ether and alcohol maintain a sponta- 
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neous gelation process. Hence both coagulation and gelation 
processes take place during the evaporation until the entire 
membrane is immersed in water, which serves to fix the poten- 
tially existing structure and to replace the remaining solvents. 
The resulting membranes are highly permeable and have con- 
siderable tensile strength. Elford also found that the addition 
of small amounts of glacial acetic acid reduces the extent of 
coagulation taking place during the period of evaporation and 
results in less porous membranes, while the addition of water 
hastens the coagulation and results in membranes of greater 


TABLE 3 
Composite table of ultrafiltration results 


AVERAGE PORE SIZE OF MEMBRANES USED 
VIRUS BOURCE AND MENSTRUUM . 2 a 


645, | Ap | Adbp 410y 383 288 

Mouse organs hormone 

broth... + (1)/ +d€)/+()/}+d()/ -— @) 0 
Egg membrane virus hor- ~ (1) 

mone broth + (2) | + (1) | + (1) | + (2) — (1) 
, : + (1) 
Egg membrane virus buff- 

ered water. 0 ms -4 0 + (1) | — (1) 0 
Egg membrane virus buff- | 

ered saline | + (2) | 0 0 0 0 0 


+ = virus in filtrate same virulence for susceptible white mice as unfiltered 
controls, — = virus absent from filtrate, = = diminished amount of virus in 
filtrate, 0 = not done. Numbers in parenthesis = number of times done. 


porosity. The final products, after prolonged washing to remove 
the relatively insoluble amyl alcohol residue, have been termed 
“gradocol” membranes by Elford, since they are products of a 
graded coagulation of collodion. 

The technique of Bauer and Hughes was used in preparing the 
membranes for the ultrafiltration studies, and yielded highly 
satisfactory results. All ultrafiltration was carried out at room 
temperature, using a positive pressure of high purity nitrogen 
ranging from 18 to 30 cm. mercury. The volume of filtrate 
ranged from 5 to 12 ml. and all filtrations were complete in 4 
minutes or less. The membrane thicknesses ranged from 0.136 
to 0.152 mm. The use of a 1 in 100 dilution of the original crude 
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suspension obviated the necessity of a preliminary filtration to 
remove gross tissue particles. Serratia marcescens was added 
routinely before filtration and could not be demonstrated in any 
filtrates. All membranes were satisfied by the preliminary 
passage of 5 ml. of the diluting fluid. 

Table 3 summarizes the results of ultrafiltration experiments 
in a composite form. 


Discussion of ultrafiltration studies 


The most noteworthy observation to be made as a result of 
membrane filtration was the highly satisfactory recovery of virus 
in ultrafiltrates, as compared to the almost complete retention by 
filter candles and Seitz pads. Using membranes of the Elford 
type, the virus of psittacosis consistently passed through with 
unaltered infectiousness for mice, even in membranes whose 
porosity closely approached the end-point of the virus particle. 
These results demonstrated most conclusively the vast superiority 
of the graded collodion membrane over any other type of filtra- 
tion used in this study. Bacteria could be removed from con- 
taminated virus suspensions and a filtrate containing all the 
original virus could be obtained consistently. Low pressures 
were used and the ease and speed of this method of filtration can- 
not be emphasized too strongly. No bothersome cleaning process 
was necessary, since the collodion filters were used once and dis- 
carded. Results were completely reproducible. Both buffered 
saline and broth suspensions yielded satisfactory ultrafiltration 
results, with the broth apparently giving slightly superior results. 
This is in accord with the findings of other workers (Ward and 
Tang (1929), Elford (1933)). 

It was obvious that pore diameter alone did not determine the 
degree of virus recovery from the filtrates. Berkefeld candles 
with a pore size of from 5 to 7 uw gave unsatisfactory filtration of 
psittacosis virus, with complete or almost complete retention of 
the virus. On the other hand, using the same type of suspension 
and the same method of testing the filtrates, collodion membranes 
with an average pore size of 0.6 u or even less, gave filtrates which 
contained as much virus as the original material, with the added 
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advantage that all bacteria, tissue debris and detritus had been 
removed. The ease of filtration and the complete reproducibility 
of results make it obvious that the collodion type of membrane 
filter is the most satisfactory method available for this type of 
work. 


SUMMARY 

1. The infective particle of psittacosis was completely, or 
almost completely retained by Berkefeld V, W and N and 
Chamberland L3 filter candles and Seitz EK filter pads, using 
chick membrane virus. 

2. The failure to confirm the filtration results of other workers 
was investigated and explained on the basis of a lack of quantita- 
tive titration of the virus by previous investigators. 

3. The satisfactory results of ultrafiltration studies with 
psittacosis virus have been demonstrated and the superiority of 
this type of filtration has been emphasized. 


MEASUREMENT OF VIRUS PARTICLES 
Review 

Lillie (1930) estimated the elementary body of psittacosis to 
be from 0.2 to 0.3 u in diameter, using direct microscopic measure- 
ments of stained preparations. Coles (1930) stated that the 
smallest elementary bodies measured from 0.24 to 0.3 u, using 
photomicrographic measurements. Levinthal (1935) using the 
“gradocol” membranes of Elford, stated that the minimum 
particle size was from 0.22 to 0.33 u, but gave no data on the 
methods of filtration or the type of material used. Sir Henry 
Dale (1935) stated that Elford has found the virus particle size 
to be 275 mu, but this material has not yet been published by 
Elford and no data are available. In view of the incomplete 
material in the literature, it was considered of value to attempt a 
measurement of the virus particle under controlled conditions. 


Ultrafiltration 


The results of ultrafiltration studies have been summarized in 
table 3. This material supplied ample data for the estimation 
of the particle size. 
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Various authors have outlined tables of correction factors to be 
applied to ultrafilter pore sizes to obtain a range of true particle 
size. This aspect has been discussed notably by Krueger and 
Ritter (1930), Bechhold (1931) and Elford (1933). These 
workers have taken into consideration the various factors which 
tend to influence the filtration of a small particle and have made a 
mathematical attempt to supply empirical corrections to apply 
to the filtration end-point to secure true particle size. The need 
for this correction can readily be seen when the physical factors 
entering into the passage of a small particle through a pore are 
considered. When it is realized that the pore length to pore width 
ratio cannot fall below 1 to 3,000, the necessity for correction will 
be apparent, and in calculating the size of the particle from the 


TABLE 4 


Relation of size of retained particle to average pore diameter of gradocol membranes 
(Elford 1933) 











MEMBRANE AVERAGE PORE, DIAMETER SIZE OF RETAINED PARTICLE 
mp 
10-100 (0.33-0.5 ) d 
100-500 (0.5 -0.75) d 
500-1, 000 | (0.75-1.0 ) d 


d = average pore diameter of limiting membrane for optimum filtration 
conditions. 














average pore diameter through which it just fails to pass, the 
effect of adsorption has to be considered. This effect is most 
influential in membranes with very small pores, as is shown in 
table 4. 

Table 4 has been worked out by Elford as especially applying 
to the gradocol membranes he has described. Since the ultra- 
filtration results of this study were obtained with membranes of 
the Elford type, the correction factor as outlined above will be 
applied. 

The estimated end-point of the psittacosis ultrafiltrations as 
summarized in table 3 is in the vicinity of 0.400 ». Using this 
figure and applying the correction factor of 0.5 to 0.75 suggested 
by Elford, the figure arrived at gives the psittacosis particle a 
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size of 0.200 to 0.300 uw. This figure corresponds closely to the 
ultrafiltration results already reviewed. A brief summary of this 
work has recently been published (Lazarus, Eddie and Meyer 
(1937)). 


Photomicrographic measurements 


With the intention of verifying the ultrafiltration results as 
well as the published reports of other workers, an attempt was 
made to measure the diameter of the L.C.L. body by means of 
enlarged photomicrographs. 

Smears of infected material from various hosts were prepared 
and stained by the various methods already described. Under 
optimum conditions of microscopic examination, a magnification 
of 900 times was used. Photomicrographs were prepared using a 
miniature Contax Phoku camera and panatomic film. After 
developing and examining the negatives, the most satisfactory _ 
were carefully enlarged. Measurement was accomplished both 
by means of knowledge of the amount of enlargement and by 
comparison with a 10 micra scale enlarged in the same proportion 
as the virus preparations. 

The largest elementary bodies by this method measured 380 
mu, the smallest 280 my. The slightly larger bodies by photo- 
micrographic methods as compared with ultrafiltration methods 
may be accounted for by a deposition of stain on the particle, 
by the multiplication of errors resulting from such high magnifica- 
tions, or by a combination of both these factors. Due to the 
highly satisfactory results with ultrafilters of the Elford type, as 
confirmed by numerous workers, the ultrafiltration measurements 
were considered more reliable than the relatively crude photo- 
micrographic measurements. 


Discussion 
The ultrafiltration and photomicrographic measurements corre- 
spond within the limits of error inherent in such methods. These 
figures, strengthened by the results of candle filtration and 


centrifugation experiments, lead to the logical assumption that 
the infective particle in psittacosis is either the elementary body, 
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a submicroscopic particle not separable from the elementary body, 
or an invisible particle of the same order of size as the elementary 
body. The first statement appears to be the most logical and 
this interpretation is well supported by the work showing the 
Paschen bodies of vaccinia to be the actual infective agent of that 
disease (Parker and Rivers (1936), Parker (1938)). 


SUMMARY 


1. On the basis of ultrafiltration measurements, as verified by 
photomicrographic studies, the infective particle of psittacosis 
was found to have a minimum size of 0.200 to 0.300 u, « ‘igure in 
close agreement with that obtained by other workers. 

2. The infective agent of psittacosis was shown to be the ele- 
mentary body itself, a substance not separable from the ele- 
mentary body, or an invisible particle the same size as the ele- 
mentary body. The first theory is shown to be the most probable, 
based on results of centrifugation, pad and candle filtration, and 
ultrafiltration. 
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In previous communications (Lazarus and Meyer (1939a, 
1939b)) the virus of psittacosis has been investigated with respect 
to its filterability and general properties. The present report 
deals with the serological reactions which could be elicited with 
the washed and concentrated suspensions of elementary bodies. 


AGGLUTINATION 
Review 


The literature contains little reference to serological studies on 
the psittacosis virus, with the exception of work concerning the 
complement fixation reaction, which has been extensively investi- 
gated by Bedson (1933). Since the complement fixing antibodies 
were not considered in this study, no further reference need be 
made to this phase of the subject. 

Bedson (1932) attempted to produce antipsittacosis sera in 
guinea pigs and mice, with some success. Agglutination tests 
performed with twice-washed mouse elementary bodies and 
antiserum from guinea pigs gave positive agglutinations in dilu- 
tions of 1 in 8. The reaction was shown to have been specific, 
but such low titers are rather unsatisfactory. In the same study, 
neutralizing antibodies were demonstrated in an equally low 
dilution. No reference was made to precipitin tests, and no 
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attempts have been described employing neutralization of the 
virus on the chorio-allantoic membrane of the chick. 

The particular problems involved in the virus-antibody reac- 
tion must be only special examples of principles applicable to all 
antigen-antibody reactions. The modern trends of thought 
concerning these reactions are well expressed by Marrack in 
“The Chemistry of Antigen-Antibody Reactions’ (1938). The 
problem of applying these general concepts to viruses has been 
extensively discussed by Burnet, Keogh and Lush (1937) in their 
comprehensive monograph. 

In view of the demonstration of two antigenic groups in the 
vaccinia elementary body (Craigie and Wishart (1934)) and the 
presence of at least 3 different types of foot-and-mouth virus 
(Topley and Wilson (1936)), there is reason to believe that some 
virus particles, at least, may closely resemble the bacteria in 
respect to antigenic properties in general. The demonstration 
of a polysaccharide component in vaccinia elementary bodies 
has further verified these views (Craigie (1932, 1935)). 

For technical reasons the study of the in vitro aggregation 
reactions of vaccinia elementary bodies has advanced much 
further than that of any other animal-pathogenic virus. The 
important preliminary work was accomplished by Gordon (1925), 
Burgess, Craigie and Tulloch (1929) and Craigie and Tulloch 
(1931), although Paschen (1913) had observed the elementary 
bodies many years previously. The method of Craigie (1932) 
rendered it practicable to obtain large amounts of crude material 
very rich in the elementary particles of the virus. In general, 
the principles outlined in the above studies have been followed 
in the investigations of psittacosis virus. 

Schultz, Bullock and Lawrence (1928) claimed that the agglu- 
tinations and precipitations observed in vaccinia studies were 
the result of the presence of bacteria, both in the antigenic 
material and in the reagents used in the actual tests. This 
theory has been disproved by the careful investigations of 
Craigie and Tulloch (1931) and has been completely discredited 
by the use of bacteria-free elementary body suspensions by 
Smadel and Wall (1937). Sterility tests with psittacosis ele- 
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mentary body suspensions were completely negative and no 
account need be taken of the possible influence of bacteria. 

In addition to the studies of vaccinia agglutinations, work 
along these lines has also been reported for varicella and zoster 
(Amies (1934)), for Rous tumor virus (Ledingham and Gye 
(1935)) and myxoma (Rivers and Ward (1937)). 


Experimental technic 


The purified suspensions of L.C.L. bodies previously described 
(Lazarus and Meyer (1939a)) were used in the principal investi- 
gations of agglutination reactions. The determination of agglu- 
tination titers of animals receiving other types of psittacosis sus- 
pensions as antigenic material will be referred to in a later 
section. 

The agglutination reaction in guinea pig sera was first investi- 
gated. Normal guinea pigs of approximately 300 grams weight 
were given 0.5 ml. of washed elementary bodies by means of 
intraperitoneal injections. This dose was approximately 
1.5 Xx 10° active elementary bodies. The first inoculation was 
accompanied by a slight elevation of temperature (to about 
104°F.) and a loss of appetite for about 48 hours, but this reac- 
tion was not observed after subsequent injections. The same 
apparent malaise has been observed by Bedson (1933). One 
week after the first inoculation, the animals were given 1 ml. 
of a fresh suspension of washed elementary bodies (approximately 
3 X 10°) by the same intraperitoneal route, and subsequent 
inoculations were made at intervals of from 5 to 8 days. 

The guinea pigs were bled by cardiac puncture, the sera al- 
lowed to separate overnight in the ice chest and removed, centri- 
fugalized and stored without preservative. Normal serum was 
collected before the first inoculation. 

The technic of the agglutination test was similar to that de- 
scribed by Craigie (1932). Pyrex test tubes with outside dimen- 
sions of 10 x 75 mm. were carefully washed and then sterilized 
by dry heat. As a diluent in the tests, buffered saline, prepared 
as already described (Lazarus and Meyer (1939a)), was used. 
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This saline was made with freshly prepared double distilled water, 
and was autoclaved just before use. For agglutination, a rela- 
tively light suspension of elementary bodies yielded the most 
satisfactory results, and the stock suspension diluted to contain 
approximately 1 x 10° elementary bodies per ml. was found to 
be most satisfactory. 0.25 ml. of the different dilutions of 
immune sera were placed in the tubes, using sterile 1 ml. pipettes 
and aseptic technic. Saline and normal serum controls were 
used throughout. To the tubes was then added 0.25 ml. of the 
elementary body suspension. The same results were obtained 
whether the elementary bodies were freshly prepared, or were 
held in the ice chest long enough to cause them to lose their in- 
fectiousness for mice, as has already been discussed. All glass- 
ware used in the tests was subjected to careful washing and neu- 
tralization. 

The tubes with their contents were placed in an ordinary 
serological rack and the mouths of the tubes were protected by a 
piece of sponge rubber sterilized by autoclaving. This in turn 
was covered with a block of wood secured in place by large 
rubber bands. This procedure prevented evaporation during 
the prolonged incubation period and also prevented the possi- 
bility of the virus particles being allowed to dry and be carried 
into the atmosphere by air currents. Cotton stoppers did not 
prevent evaporation and resulted in lint in the tubes, while small 
individual rubber stoppers were too awkward and difficult to 
manipulate. The covered racks were then incubated at a tem- 
perature of 46 to 48°C. for 20 to 36 hours. 


Results 


When agglutination reactions were carefully conducted in the 
manner described, convincing and consistent results were ob- 
tained. The results were easily read with the naked eye, al- 
though a magnifying lens was often of service in determining the 
exact end-point of the titration. Care had to be taken not to 
shake the tubes too violently, because agglutinated elementary 
bodies were almost completely dispersed by excessive agitation, 
and further sedimentation required long periods of time. The 
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same phenomenon has been observed with vaccinia elementary 
hodies (Parker and Rivers (1935)). The chick membrane ele- 
mentary bodies when agglutinated by guinea pig sera clumped 
in a granular form, and complete sedimentation was observed 
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only in the lowest dilutions. When sera from rabbits was used, 
large loose flakes were formed and the supernatant fluid was of- 
ten completely clear. This point will be discussed in later sec- 
tions. 

The progress of agglutinin production being of considerable 
interest, an attempt was made to follow the rise and fall of agglu- 
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tinins in immunized guinea pigs. Figures 1 and 2 represent two 
typical curves produced by long continued injections of washed 
elementary bodies. All doses, represented by arrows, consisted 
of approximately 3 x 10° freshly isolated and washed elementary 
bodies, except the initial inoculation, which contained only haif 
as many L.C.L. bodies. There were no symptoms resulting 
from these massive doses of highly infectious material, except 
for the slight rise in temperature previously mentioned as oc- 
curring after the first inoculation. 

It will be immediately observed that although these sera were 
far superior to those obtained by Bedson (1933), no rise in titer 
over 1 in 320 could be induced, in spite of long continued inocu- 
lation with active material (fig. 2). In fact, other animals 
showed the same production of agglutinins following only 2 or 
3 injections. The maintenance of a titer of 1 in 80 after discon- 
tinuance of injections is also noteworthy. 

The failure to raise the titer above 1 in 320 is closely analogous 
to the results obtained using bacteria as antigens. It is well 
known that when the titer of any particular bacterial antibody 
has been forced up to a certain level, which of course varies 
widely with the nature of the antigen and the responsiveness of 
the animal injected, it becomes impossible to induce any further 
rise in the concentration of antibody in the circulating blood. 
This fact was pointed out as early as 1901 (Goldberg (1901)), 
and its application to the antigenicity of L.C.L. bodies lends 
further credence to the rapidly growing conviction that the 
elementary bodies are no more than highly parasitic organisms 
requiring an intracellular habitat for survival and reproduction, 
and lacking the necessary enzyme systems for independent 
existence. 


Effect of incubation time and temperature 


In the thorough investigations of Craigie (Craigie and Tulloch 
(1931) Craigie (1932)), the necessity for relatively long periods of 
incubation to elicit maximum agglutination of vaccinia ele- 
mentary bodies was discussed. Similar results have been ob- 
served in studies of psittacosis material. It appears logical that 
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the incubation period must be longer than that required for 
bacterial agglutination, not because of any peculiarity inherent 
in the elementary bodies themselves, but because the particles 
and the clumps they form are much smaller than those resulting 
from bacterial agglutinations, and the time required to produce 
a visible reaction is therefore longer. This view is strengthened 
by the observation that psittacosis agglutination tests gave the 
same results after 60 hours whether the 48° incubation period 
lasted through the first 36 hours or only through the first 12 
hours. Obviously, the higher temperature gave the usual result 
in the first few hours, and the visible reaction came about at any 


TABLE 1 
Effect of time and temperature on agglutination 


TIME OF INCUBATION IN HOURS 
DILUTION OF ANTISERUM 


16 at 48° 24 at 48° 36 at 48° 48 60 
1:20 + +++ +++ ++++ | ++++ 
1:40 + ++ ++ ++ +++ 
1:80 oo oe + + +4 
1:160 — ? + 4. 4 
1:320 _ —_ ~ i 
Saline _ — - ~ -" 
Normal serum 1:20 _ _ - ” i 
+ to ++++ = degrees of agglutination visible macroscopically, ? = ques- 


tionable agglutination, — = negative. 


temperature after the proper time interval had elapsed. Table | 
shows the degree of agglutination apparent at various times 
during the incubation period of a typical test. 

In the experiment tabulated in table 1, the rack was removed 
from the incubator at the end of 36 hours and held at room tem- 
perature during the remainder of the 60 hours. It will be noted 
that the final titer did not increase after 36 hours, but that the 
intensity of the agglutination showed some improvement. In a 
parallel experiment, the rack was removed at the end of 18 hours 
incubation and the final results were identical with those in table 1 
at the end of 60 hours. This verifies the fact that once union 
between antigen and antibody has occurred, it is only a matter 
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of sufficient time elapsing before the results are visible, and the 
temperature of incubation after such a union is of little conse- 
quence. With a view to standardizing the technic, all incuba- 
tions referred to in this report were done at 46 to 48°C. for 36 
hours, followed by 24 hours at room temperature. 


Heat-labile and heat-stable agglutinogens 


Craigie and Wishart (1934) have reported the presence of at 
least two agglutinogens in a strain of vaccinia elementary bodies. 
The more labile L agglutinogen had its agglutinability and its 
ability to absorb agglutinin impaired or destroyed by exposure 
to a temperature as low as 56°C., while the 8S agglutinogen was 
stable at temperatures up to 95°C. Bedson (1933) showed that 
steamed formalinized psittacosis virus lost none of its immuniz- 
ing powers. 

In view of the interesting findings in regard to the agglutinins 
produced by unaltered vaccinia elementary bodies, it was con- 
sidered of value to determine whether or not the elementary 
bodies of psittacosis showed any such antigenic complexity. 

A preliminary experiment showed that a suspension of freshly 
prepared L.C.L. bodies, after being heated for 1 hour at a tem- 
perature of from 70 to 75°C., was still agglutinated by a known 
antiserum, but not by a normal guinea pig serum. This obser- 
vation called for further investigation. 

A suspension of freshly washed and concentrated elementary 
bodies was heated at 70 to 75°C. for 1 hour and then cooled. 
0.5 ml. of this suspension was added to the same amount of a 
1 in 10 dilution of antiserum having a titer of 1 in 160. This 
antiserum was produced in guinea pigs by the inoculation of 
freshly prepared virus. The mixture was incubated in the usual 
manner and showed a very good + + + agglutination at the end 
of 60 hours. The tube was then centrifuged at 3,000 R.P.M. 
in the ordinary horizontal centrifuge for 15 minutes, and the 
clear supernatant fluid removed. The sediment, when stained 
by the Castaneda method, showed clumps of elementary bodies 
obviously agglutinated by the antiserum. Saline and norma! 
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serum controls were entirely negative when treated by the same 
procedure. 

The absorbed serum was then set up with both freshly pre- 
pared elementary bodies, and with elementary bodies which had 
been heated at 70 to 75°C. for 1 hour. The mixtures were in- 
cubated in the usual manner. At the end of 60 hours, the 
heated elementary bodies showed no signs of agglutination, 
while the unheated material gave a definite ++ agglutination. 
Saline and normal serum controls were again negative, and 
agglutination was once more verified by stained smears. ‘These 
findings were verified by further experiments of the same type, 
but due to the difficulty of obtaining large amounts of elemen- 
tary bodies in the necessary state of purification, it was not 
possible to determine more accurately the temperature range at 
which the heat-labile component was destroyed. 

On the basis of the above results, one may conclude that the 
elementary body suspensions, as prepared for purposes of im- 
munization, contained at least two components, one destroyed 
at 70 to 75°C. for 1 hour and the other resisting the same treat- 
ment. These agglutinogens produced their specific agglutinins 
in the sera of inoculated guinea pigs, and these agglutinins were 
demonstrable by the usual absorption methods. It thus ap- 
pears that the psittacosis elementary bodies are complex anti- 
genically. 


Cross-relationship with vaccinia agglutinogens 


In view of the fact that both psittacosis and vaccinia ele- 
mentary bodies possessed an antigenic complexity, it was con- 
sidered of interest to determine whether or not one of these anti- 
genic components might be common to both viruses. 

A suspension of vaccinia elementary bodies was prepared in 
the same manner as the L.C.L. body suspensions were made. 
The vaccinia virus was obtained from a strain of egg membrane 
virus furnished in 1935 through the courtesy of Dr. E. W. Good- 
pasture of Vanderbilt University, and carried since that time 
by routine chorio-allantoic membrane passage. This virus has 
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gradually lost its invasive qualities for the skin of the normal 
rabbit, and now produces few or no lesions after over 350 egg- 
membrane passages. The elementary body suspensions pre- 
pared from this virus had the same appearance as the psittacosis 
suspensions already described. 

Antivaccinia serum was prepared by hyperimmunization of 
normal rabbits with calf vaccinia virus. The shaved rabbits 
were given 0.4 cc. each of a 1 in 100, 1 in 1,000, 1 in 3,000 and 1 
in 10,000 dilution of the virus by the usual searification technic. 
This was followed in 19 days by the inoculation of 1 ml. of a 1 
in 10 dilution of the same virus intravenously and the latter dose 
was repeated after another 17 day interval. The serum was 
collected and stored without preservative by cardiac bleeding 6 
days after the last inoculation. 


TABLE 2 


Cross agglutinations with psittacosis and vaccinia elementary bodies and antisera 


UNHEATED PSITTA- | HEATED VACCINIA 


HEATED PSITTACOSIS | UNHEATED VACCINIA 
ANTISERUM COSI8S ELEMENTARY | ELEMENTARY | 
ELEMENTARY BODIES BODIES BODIES ELEMENTARY BODIES 
Vaccinia. Negative 1:20 | Negative 1:20 | Positive 1:10} Positive 1:160 


Psittacosis...| Positive 1:160 Positive 1:320 | Negative 1:10) Positive 1:40 


Preliminary experiments showed that the psittacosis antiserum 
was able to agglutinate vaccinia elementary bodies in a titer of 
1 in 40 by the usual technic. The vaccinia antiserum prepared 
in rabbits gave a doubtful agglutination of psittacosis elementary 
bodies in a dilution of lin 10. These observations led to further 
experiments with both heated and unheated elementary bodies 
of both types. These suspensions were set up with both vaccinia 
and psittacosis antisera. Table 2 summarizes in composite form 
the principal results obtained by such investigations. 

The data in table 2 represent the highest significant dilution of 
the materials used. All saline and normal serum controls were 
negative in the dilutions used. 

It is rather difficult to draw clear conclusions from such find- 
ings. The antipsittacosis serum was able to agglutinate un- 
heated vaccinia elementary bodies, but not heated material. 
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It must be emphasized that the elementary bodies of both viruses 
were obtained from chick material, but that the vaccinia anti- 
serum was prepared in rabbits receiving calf material only. 
The results observed were not due to chick antibodies in the 
guinea pig sera, as will be proved in a later section. Apparently 
the cultivation of the viruses on the chorio-allantoic membrane 
had resulted in the presence of some common factor, which made 
it possible for the vaccinia elementary bodies to be agglutinated 
in low titer by antipsittacosis serum. The only possible conclu- 
sion to be drawn from these puzzling observations is that under 
the conditions of the experiments performed, some common 
antigenic factor was present in egg membrane viruses of psit- 
tacosis and vaccinia, perhaps a component acquired by the 
intracellular habitat. Due to the difficulty of obtaining large 
amounts of material, it was not possible to investigate this phe- 
nomenon as thoroughly as might be desired. 


Control experiments 


In order to evaluate accurately the above results, it was neces- 
sary to rule out the possibility that one or both of the viruses 
investigated had become contaminated with the other. The 
ase with which vaccinia virus can spread through animal 
quarters is well known, and since both viruses were being con- 
stantly incubated and transferred in close proximity, it was 
considered possible that through carelessness or accident, some 
mixture might have occurred. Accordingly, elementary body 
suspensions of both types were inoculated intraperitoneally into 
mice, the psittacosis in a dilution of 1 in 10 and the vaccinia 
undiluted. The mice receiving the psittacosis material died 
with positive findings in 2 and 4 days. The mice receiving the 
undiluted vaccinia suspension were anatomically negative for 
psittacosis when sacrificed 70 days after inoculation. These 
results were verified by another experiment of the same type, 
and it was therefore known that the vaccinia virus suspensions 
contained no psittacosis virus as a contaminant. 

To rule out the possibility of the psittacosis virus having been 
contaminated with vaccinia virus, intradermal inoculations were 
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made with suspensions of both types in separate normal white 
rabbits. Although neither suspension gave a definite vaccinia 
lesion, due to the peculiarities of the vaccinia virus strain used, 
further inoculation with calf virus verified the fact that the 
psittacosis material contained no vaccinia virus, since the ani- 
mal receiving the psittacosis virus gave a positive vaccinia 
reaction upon inoculation with the calf virus, while the other rab- 
bit showed a definite vaccinoid reaction, indicating partial 
immunization by the previous inoculation. These results were 
likewise verified by further experiments of the same type. 

Further evidence of the purity of the strains was supplied by 
the picture given in the chorio-allantoic membrane. The psit- 
tacosis virus, as already described (Lazarus and Meyer (1939a)), 
gave an easily recognizable lesion without discrete foci, with 
death of the embryo between the third and fourth days. On 
the other hand, the vaccinia virus gave occasional discrete lesions 
typical of this virus, and the membrane showed none of the 
edema characteristic of the psittacosis infections. The eggs 
infected with vaccinia virus consistently showed death of the 
embryo between the second and third day. Thus, through 
animal experiments and pathological pictures, it appears cer- 
tain that no mixture of the two viruses was responsible for the 
results described above. 

Although the tests for protein in the wash water of the psit- 
tacosis suspensions were negative after the second washing 
following tryptic digestion, it is a known fact that biological 
tests for the presence of protein are much more delicate than 
any known chemical test. Accordingly, it was considered 
necessary to rule out the possibility of the presence of anti-chick- 
protein antibodies in the sera used to agglutinate psittacosis 
elementary bodies of chick origin. 

Normal chick protein was prepared by grinding chorio-allantoic 
membranes removed from uninoculated eggs. The ground 
material was suspended in buffered saline, extracted overnight 
in the ice chest, centrifuged and the supernatant fluid removed. 
This material gave a very heavy precipitate when tested with 
sulfosalycilic acid. Guinea pigs and rabbits were inoculated 
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with this material by intraperitoneal and intravenous injections. 
The material was antigenically active, as was shown by the 
induction of anaphylactic shock in one guinea pig. The sera 
from these animals were not able to agglutinate the washed 
elementary body suspensions of psittacosis virus. Tests were 
made after 1 injection and after 5 injections, but no positive 
agglutination resulted when the sera were set up with L.C.L. 
body suspensions. It therefore appears certain that the results 
observed when psittacosis elementary bodies were agglutinated 
by antiserum were not due to the presence of antibodies against 
chick protein. These anti-chick sera were also used as control 
material for the precipitin tests described below. 


Agglutination of Proteus vulgaris 


Lillie (1930) noted the resemblance of the L.C.L. bodies to the 
rickettsia group and proposed the name ‘Rickettsia psittaci” 
for the psittacosis inclusion bodies. Meyer (1935) pointed out 
that there is no evidence at hand that psittacosis is an insect- 
borne disease and that the name proposed by Lillie was there- 
fore inappropriate. 

In view of the microscopic resemblance of L.C.L. bodies to the 
rickettsia group, it was considered of interest to determine 
whether the antipsittacosis serum was able to agglutinate proteus 
strains, a phenomenon well known in connection with rickettsia 
infections. Accordingly, suspensions of various proteus strains 
were prepared and washed by the usual technic. These suspen- 
sions were set up against a strongly positive psittacosis antiserum 
and were incubated in the usual manner for bacterial agglutina- 
tions. 

The results observed were of little positive significance. P. 
vulgaris OX 19 and OX 2 were not agglutinated by the sera used. 
P. vulgaris OX K and OX Muar were agglutinated in dilutions of 
1 in 20, a titer of very doubtful significance. 

The same strains were set up against an antivaccinia rabbit 
serum. All agglutinations were negative by the standard 
technic. 

It appears, in the light of the above results, that neither the 
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psittacosis nor vaccinia elementary bodies bear any close sero- 
logical relationship to the rickettsia group. 


Agglutinins in other sera 


The results reported above were obtained by the use of sera 
from guinea pigs immunized with suspensions of washed and 
concentrated elementary bodies. It was considered of value to 
verify these results by appropriate tests of sera from other 
sources. The author is indebted to Miss Bernice U. Eddie of 
the Hooper Foundation for her coéperation in supplying the ma- 
terials used in the studies below. 

The agglutination tests described below were performed by 
the standard method described above, and appropriate saline 
and normal serum controls were included in each experiment. 
For the sake of brevity, the results are recorded in table form. 


Discussion 


The results shown in table 3 bring to light some interesting 
data. That the agglutination reaction is not due to the pres- 
ence of chick protein in the antigenic material is proved by the 
positive agglutinations observed in guinea pig 1453, monkey 
709, monkey “leather collar,’ and human AM. None of the 
foregoing had received chick protein in any form. Normal 
human, monkey, rabbit and guinea pig sera were consistently 
negative in all the above tests. 

It may likewise be observed that the agglutination titer in 
monkeys was never as satisfactory as the titer in guinea pigs 
and rabbits receiving the same type of material. This empha- 
sizes the known fact that monkeys are not the most satisfactory 
animals to use for studies of psittacosis virus. It is likewise 
noteworthy that the mouse virus suspensions were not anti- 
genically adequate, since it was observed early in these studies 
that it was almost impossible to free the virus from mouse-organ 
cells. In the process of preparing the antigenic material used 
above, much virus was undoubtedly discarded with the sediment 
of centrifugalized mouse material, while the same applied to a 
greatly lessened extent with guinea-pig and chick virus. This 
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once again emphasizes the fact that the virulence and hence the 
antigenicity of the material used runs parallel with the number of 
elementary bodies present, and lends further support to the be- 
lief that the L.C.L. bodies are actually the virus particles. 

The type of agglutination observed in all tests conducted 
varied with the type of serum used. Rabbit serum consistently 


TABLE 3 


Agglutination tests performed with miscellaneous sera 


IDENTIFI- 


BOURCE CATION TITER REMARKS 

tabbit 4 + 1:160 Formalinized and normal crude chick virus 
intermittently for 2 years 

Rabbit 8 — 1:20 Mouse liver and spleen extract intermit- 
tently for 2 years 

Rabbit 92 + 1:160 Crude egg membrane virus weekly for 2) 
months 

Rabbit... 94 + 1:320 Tissue media virus (chick) plus normal 
horse serum for 2 months 

Guinea pig 1,074 — 1:10 Mouse virus and guinea pig lung virus 
intermittently for 1} years 

Guinea pig 1,453 + 1:160 Guinea pig lung virus for 3 months 

Monkey 47 + 1:80 Crude egg membrane virus for 2 years 

Monkey 7 — 1:20 Partially purified mouse virus for 3 years 

Monkey 709 + 1:80 | Mouse liver and spleen suspension for 
2 years 

Monkey 1,837 + 1:80 Crude egg membrane virus for 6 months 

Monkey L.C.* + 1:80 Guinea pig lung virus for 14 years 

Human BE — 1:4 Working with virus. Positive complement 
fixation 

Human AL — 1:20 Working with virus. Positive complement 
fixation 

Human...... AM + 1:160 75 days after first symptoms of proved 


clinical case 


* L.C. = Leather collar. 


gave large flaky clumps, which tended to settle completely, leav- 
ing the supernatant fluid crystal clear in all but the highest 
dilutions. On the other hand, human, monkey and guinea pig 
sera gave a granular agglutination with clumps which were 
easily disrupted. They settled very slowly and left the super- 
natant fluid clear only rarely, and then in tubes having a concen- 
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tration of serum far greater than the end-point of the titration. 
These results were observed consistently. 

The results with human sera in table 3 emphasize the fact that 
the complement-fixation reaction is more delicate than the ag- 
glutination test. Human sera BE and AL both gave positive 
complement fixation reactions but no agglutinins were demon- 
strable in the dilutions noted. Comparison with guinea pig re- 
sults shows that the agglutination test would probably be posi- 
tive too late to be of any value in clinical diagnosis, whereas the 
complement fixation test was positive for human serum AM 
shortly after the onset of the disease. It is regretted that earlier 
specimens of this serum were not available for agglutination 
tests. 

SUMMARY 

1. Agglutinins for psittacosis elementary bodies have been 
produced in guinea pigs by the inoculation of washed L.C.L. 
body suspensions. 

2. The technic of the agglutination test and the influence of 
incubation time and temperature have been studied. 

3. The presence of heat-labile and heat-stable agglutinogens 
in psittacosis elementary bodies has been demonstrated. 

4. Control experiments have proved that the agglutination 
reaction was not due to the presence of foreign protein or of 
virus contamination. 

5. Cross-agglutination reactions with vaccinia virus and vac- 
cinia antiserum have given some indication of a common anti- 
genic factor with psittacosis virus. 

6. Agglutinins have been demonstrated in the sera of human, 
monkeys and guinea pigs which were immunized with virus from 
sources involving no contact with chick protein. 

7. No significant agglutinin titer for P. vulgaris strains was 
demonstrable in antipsittacosis serum. 


MERRILL “‘MASS FACTOR” IN AGGLUTINATION 


Review 


Merrill (1936) has discussed the conditions under which ag- 
gregation reactions may be expected to occur. This worker 
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pointed out that an analysis of the requirements of reactions in 
vitro indicates that we need not yet assume a special mechanism 
for the immunological reactions of viruses in vitro. Merrill 
points out that the lack of observable reactions is quite probably 
due to the fact that insufficient antigenic mass is present. 

As Merrill emphasizes, the most important consideration in 
in vitro reactions is how much actual antigen, having regard 
both to the number of particles and the size of the particles, is 
present in the virus preparations available. A rough approxi- 
mation to the available experimental results is given by the 
assumption that 0.001 mgm. of antigen per ml., irrespective of 
the particle size or molecular weight, is the minimal amount 
capable of producing a visible aggregation with an active im- 
mune serum. Over the whole range of antigenic particles, from 
relatively simple molecules through virus particles to bacteria 
and red blood cells, there is a consistent deviation from this ap- 
proximation, the smaller antigens (molecules) reacting with some- 
what smaller numbers per ml., while the larger particles (bacteria 
and red blood cells) must be present in considerably larger num- 
bers. Merrill’s table is reproduced in figure 3. 

It will be noted in figure 3 that the theoretical threshold 
serological reaction curve is based on 2 points, the mass of both 
antigens being 0.001 mgm. per ml. The diazo dye precipita- 
tion reaction was experimentally determined, and that point 
linked with the point represented by 0.001 mgm. per ml. of 
red blood cells by the dotted line. This line then represents the 
theoretical threshold of positive serological reactions, assuming 
that a mass of 0.001 mgm. per ml. is required. Actually, as 
previously discussed, there is a consistent deviation from this 
approximation, and the solid line in figure 3 represents the thresh- 
old curve as connecting two experimentally determined points, 
those for the pneumococcus specific soluble substance and for 
red blood cells. Along this line may then be placed the theoret- 
ical points for the various materials mentioned. It will be noted 
that the experimental point for paratyphoid bacilli coincides 
closely with the theoretical, while the two points for vaccinia 
virus are well within the limits of experimental error. 

It was considered of value to determine whether the psittacosis 
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particle might be placed on Merrill’s diagram, since the materials 
were available. The methods and calculations discussed below 
are arrived at following the formulae of Merrill. 
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Experimental 


The calculation of the mass of the psittacosis elementary body 
necessitated the assumption that the particle was a perfect 
sphere with a specific gravity of one. The error introduced by 
actual deviations from these assumptions could not affect the 
final result to any great extent, and it probably introduced no 
appreciable error to assume that the mass of the particle in 
milligrams was equal to the volume in cubic millimeters. Since 
the psittacosis elementary body has been shown to have a 
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diameter of 200 my to 300 mu (Lazarus, Eddie and Meyer 
(1937)), a figure of 250 mu was taken to give an approximate 
diameter. Applying this to the formula for the volume of a 
sphere, éxr*, the approximate mass in milligrams of each L.C.L. 
body was found to be 7.7 x 10-'*. Applying this value to the 
curve represented by the heavy line in figure 3, it is seen that 
approximately 8 x 10* virus particles per ml. would be neces- 
sary to elicit a visible reaction. This figure is of course a theo- 
retical one based on a curve with experimentally determined 
values at each end. 

The actual number of elementary bodies necessary to give a 
visible reaction was determined and checked experimentally by 
using dilutions of a counted L.C.L. body suspension and observ- 
ing the tube in which agglutination was just visible. The 
counts were made in the Petroff-Hausser chamber as already 
described (Lazarus and Meyer (1939a)) and the standard agglu- 
tination technic was followed throughout. A 1 in 10 dilution of 
an elementary body suspension containing 2.2 x 10° particles 
per ml. gave a definite positive agglutination test, while a 1 in 
20 dilution of the same suspension gave no visible sedimentation, 
when set up with a known positive antiserum with the proper 
controls. It may, therefore, be stated that under the conditions 
of the test, a suspension containing 2.2 X< 10® virus particles per 
ml. gave a positive agglutination test, while a suspension of 
1.1 xX 10® particles per ml. gave no visible clumping. 

This value was then placed on the Merrill diagram and is 
represented by a solid dot. It will be noted that this point 
coincides closely with the theoretical line based on 0.001 mgm. 
antigen per ml. The mass of virus particles required for a posi- 
tive reaction was then calculated and gave a figure of 0.0017 
mgm. per ml. of psittacosis particles necessary before a positive 
agglutination reaction could be elicited under the conditions of 
the experiments. This value, it will be observed, agrees with 
Merrill’s statement that the larger antigenic particles must be 
present in greater numbers than that represented by the theo- 
retical 0.001 mgm. of antigen required. 

On the basis of the Merrill theory, positive serologic reactions 
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have not been obtained with viruses because there has been an 
insufficient number of virus particles present, and, if the theory 
is correct, observable reactions will be obtained when the thresh- 
old virus concentration is reached. Until it has been shown 
that this factor has been taken into account, one is not justified 
in concluding that viruses differ fundamentally in their antigenic 
behavior in vitro from smaller or larger antigenic particles about 
which more is known. 

The principles laid down by Merrill give a logical explanation 
for the unsatisfactory agglutination reactions with the sera of 
animals receiving psittacosis virus in low concentration, notably 
the partially purified mouse material. The theory likewise 
helps to explain the highly satisfactory results obtained with 
animals which had received large doses of washed and concen- 
trated L.C.L. bodies. From these considerations it would seem 
probable that the problem of preparing immune sera against 
viruses in non-susceptible animals is primarily one of obtaining 
sufficient mass of antigenic agents. This question of obtaining 
sufficient mass of antigen might well be a formidable barrier in 
many virus diseases, but has been in part met in psittacosis. 


SUMMARY 


1. The studies of Merrill, regarding the relationship between 
the size of antigenic particles and the number of particles neces- 
sary to produce visible immunological reaction, have been 
applied to the virus of psittacosis. 

2. The data obtained for psittacosis virus have conformed 
closely to the principles outlined by Merrill. 

3. The application of Merrill’s theory has shown that im- 
munological reactions have not been obtained with some anti- 
psittacosis sera because insufficient concentrations of virus 
particles have been used as immunizing agents. 


PRECIPITATION 


Review 


No investigations of the precipitin reaction in psittacosis have 
as yet been published. The early work of Craigie (1932) has 
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laid down a sound foundation for the studies of vaccinia precipi- 
tation. The important preliminary work which made the de- 
tailed investigation of the vaccinia flocculation reaction possible 
was done by Gordon (1925), Burgess, Craigie and Tulloch (1929) 
and Craigie and Tulloch (1931). The work of Craigie and 
Wishart and of Parker and Rivers has shown the presence of a 
soluble specific substance in the filtrate of vaccinia emulsions 
after all virus has been removed. The antibodies responsible 
for the precipitation reaction were the same as those causing 
agglutination of the washed elementary bodies. Absorption 
tests have shown that the antigen possesses both heat-labile and 
heat-stable fractions. 

Precipitin reactions have been demonstrated for filtrates of 
myxoma virus (Rivers and Ward (1937)), using virus-free 
filtrates of emulsions prepared from infected skin. A specific 
precipitinogen was also demonstrated in virus-free serum of ani- 
mals acutely ill as a result of extensive infection with myxoma 
virus. 


Experimental technique 


The technic followed in the precipitin tests with psittacosis 
material was similar to that outlined by Smadel and Wall (1937). 
These workers demonstrated a soluble precipitable substance in 
Seitz filtrates of vaccinia emulsions prepared from infected chorio- 
allantoic membranes. The supernatant fluid which resulted 
from the first angle centrifugalization of psittacosis-infected mem- 
branes was filtered through a Seitz EK pad, which had previ- 
ously been prepared by the passage of 10 cc. of broth containing 
1 ml. of normal rabbit or guinea pig serum. These filtrates were 
shown to be non-infectious for susceptible white mice. Serial 
dilutions of the clear serum-colored filtrates were prepared with 
buffered saline solution and mixed with equal volumes of diluted 
immune serum. Tubes and racks similar to those employed for 
agglutination tests were used and the mixtures were incubated 
overnight at 48°C. 

The results obtained using the above technic were found to 
vary considerably, and no completely satisfactory demonstra- 
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tion of precipitation occurred under the conditions of the tests, 
although occasional positive results pointed toward the presence 
of antigenically active material. A typical test result is given 
in table 4. 

These results are typical of those obtained throughout numer- 
ous attempts to demonstrate the presence of precipitinogens in 
the extracts of infected tissues. It will be noted that normal 
guinea pig serum gave a weakly positive reaction with high con- 
centrations of chick protein, whether from normal or infected 
membranes. This presence of normal precipitins made it im- 
possible to use the more concentrated antigenic material, and 
the necessary dilution resulted in very weak reactions. 





TABLE 4 


Soluble precipitable substances in filtrates of chick membranes infected with 
psittacosis virus 


PSITTACOSIS | 


TTACOS! 
(mxmract” | gxrmacr 1-2 | extmact 1-2 
Antiserum 1:5 +4 + + 
Antiserum 1:10 + ie a 
Anti-chick serum 1:5 ++ + + 
Anti-chick serum 1:10 + ie ne 
Normal serum 1:5 + _ ~ 
Normal serum 1:10 _ - a 
Saline - — | - a 
++,+,+, — = degrees of precipitation. 


Considerable difficulty was experienced with the so-called 
“anomalous flocculation” in tubes containing lower concentra- 
tions of serum. The same phenomenon has been reported by 
Craigie and Tulloch (1931) in their investigation of the 
rariola-vaccinia flocculation reaction. It has been suggested 
by these workers that the anomalous non-specific flocculation 
appears to bear some resemblance to the ‘“‘cloudy”’ reaction which 
sometimes interferes with the application of agglutination to the 
study of Salmonella pullorum. This subject is discussed in de- 
tail in the work of Valley and Casman (1930), and the reaction 
is apparently due to the presence of lipoid-protein complexes in 
the serum. The presence of this phenomenon in the psittacosis 











n 


1 


d 
i 


d 











THE VIRUS OF PSITTACOSIS 193 


precipitin tests led to much difficulty in the proper interpretation 
of results. Since it was not possible to extract the infected 
tissue by the methods suggested by Craigie and Tulloch (1931), 
due to the great danger of contaminating the equipment with 
active virus, it appeared that the precipitin method did not 
lend itself successfully to a study of this particular virus. 

Attempts with positive rabbit and human sera yielded equally 
vague results, and the occasional significant findings obtained 
were not sufficiently clean-cut to make them of value. Mem- 
brane emulsions were filterable with difficulty through Seitz 
pads, even after removal of most of the particles by centrifugali- 
zation. Ultrafiltrates of such emulsions yielded results no more 
satisfactory than the Seitz filtrates. The presence of inhibitive 
substances in egg membrane filtrates has been noted by Smadel 
and Wall (1937), and these factors probably accounted for the 
variation in results. These workers also noted that filtrates of 
vaccinia membranes in certain passages did not contain any 
demonstrable serologically active substances. Apparently nu- 
merous uninvestigated factors are present in this type of material, 
and the low titer of precipitin sera prevents the demonstration 
of consistently clearcut results. 

Craigie (1932) has demonstrated the antagonistic effect of 
complement on low titer precipitating sera. Inactivation of 
antipsittacosis serum in the above studies gave no noticeable 
improvement in results. 


SUMMARY 
1. The precipitinogens of filtrates of psittacosis-infected tissue 
have been investigated. 
2. While results were not completely satisfactory, some indi- 
cation of the presence of precipitins in low titer was obtained. 
3. The factors contributing to the uncertain results have been 
investigated. 


NEUTRALIZATION TESTS ON EGG MEMBRANE 
Review 


The use of the chorio-allantoic membrane of the developing 
egg for the titration of neutralizing antibodies in antiviral sera 
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has been advocated by Burnet and his co-workers (Burnet, 
Keogh and Lush (1937)). This group has devoted its efforts 
principally to the viruses of vaccinia, influenza, louping ill, in- 
fectious laryngotracheitis of fowls and rabbit myxomatosis. The 
method is of value only where well-defined lesions permit count- 
ing of pocks. The comprehensive monograph of Burnet (1936) 
summarizes the results obtained with these viruses. 

In view of the lack of discrete lesions and because of the vari- 
ability of the results in different egg membranes inoculated with 
the same material, it appeared unlikely that the psittacosis virus 
would lend itself to an accurate titration of neutralizing anti- 
bodies. This opinion was further strengthened by the fact that 
neutralization is difficult or impossible to demonstrate by any 
technic, even in sera of convalescent human cases (unpublished 
data). Nevertheless, an attempt was made to titrate serum- 
virus mixtures on the egg membrane. 


Results 


Table 5 gives the result of one such experiment. The serum 
virus- mixtures were held at room temperature for 1 hour before 
inoculation into 10 day eggs, in order that union of antigen and 
antibody might occur; 0.1 ml. of the serum-virus mixture was 
inoculated into each egg. The serum used was from a laboratory 
worker with a positive complement fixation reaction for psit- 
tacosis, and with some evidence of protection in neutralization 
tests performed in mice. 

It will be immediately observed in the above experiment that 
observation of the time of death of the embryo is not a satis- 
factory method for determining the presence of neutralization of 
psittacosis virus, unless larger numbers of eggs and statistical 
methods are used. The absence of discrete lesions on the mem- 
brane makes it doubtful that this method will be of value in this 
application. Further experiments with immune guinea pig 
serum gave no indication of neutralization and the method was 
abandoned as unsatisfactory. 

The reasons for failure of the method are apparent. It has 
already been shown in earlier sections that a relatively massive 
dose is necessary to infect the egg membrane. It is likewise 
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a known fact that neutralizing antibodies against this virus are 
present in exceedingly minute amount, if at all. If the amount 
of virus mixed with the serum under test were reduced sufficiently 
to allow the neutralizing antibodies to exert any influence, the 
amount of virus present, even in normal controls, would be too 
small to infect the egg. If the amount of virus were increased 
so as to be sufficient for egg membrane infection, the feeble ac- 
tion of the neutralizing antibodies could not be demonstrated. 


TABLE 5 
Neutralization of psitiacosis virus as tested on the chorio-allantoic membrane 
0.1 ml. immune serum Dead 22 hours Hatched, 11 | Hatched, 11 
(trauma) days days 

0.1 ml. of 1:100 virus Dead 7 days, + Dead 5days, + 0 
0.1 ml. of 1:1,000 virus.. Dead 7 days, + Dead 4 days, + 0 
0.1 ml. 1:100 virus in normal 

serum Dead 7 days, + Dead 5 days, + 0 
0.1 ml. 1:1,000 virus in normal 

serum Dead 4 days, + Dead 6 days, + 0 
0.1 ml. 1:100 virus in immune 

serum Dead7 days, + | Dead 5days,+ | Dead 5 days, + 
0.1 ml. 1:1,000 virus in im- 

mune serum Dead 7 days, + Dead6days,+ Dead7 days, + 


+ = positive for psittacosis, anatomically and by Castaneda stain, 0 = not 
done. 


SUMMARY 


1. Neutralizing antibodies could not be demonstrated by egg 
membrane inoculation, and the method was abandoned as un- 
satisfactory. 

2. The reasons for failure of the method have been discussed. 


Discussion of serological data 


The foregoing sections have pointed out the close resemblance 
between the serological reactions of the elementary bodies of 
psittacosis and those of ordinary bacteria. The L.C.L. bodies 
have been shown to be good agglutinogens, although high titers 
in antisera could not be produced; they revealed antigenic com- 
plexity; some suggestion of antigenic relationship with vaccinia 
elementary bodies has been obtained; they followed closely the 
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general principles laid down by Merrill concerning the mass of 
antigen necessary to produce antibodies and to show visible 
in vitro reactions; they proved poor agents for the production of 
precipitins; and, finally, in the reacting sera, neutralizing anti- 
bodies could not be satisfactorily demonstrated. These data 
all yield further evidence to support the view that the etiologic 
agent of this disease is a minute microérganism having much in 
common with ordinary bacteria, and requiring an intracellular 
environment for multiplication and survival. The necessity for 
living tissue probably indicates that this agent is not equipped 
with the necessary enzyme systems which would allow inde- 
pendent existence. 

It was regretted that the investigations outlined could not be 
carried out in greater detail. Owing to the difficulty of securing 
large quantities of virus, some basic information could not be 
obtained and other data were relatively incomplete. The pro- 
duction of 5 ml. of washed elementary bodies required approxi- 
mately 60 eggs and several days’ operations, and it is obvious 
that large quantities of material in a pure state could not always 
be guaranteed. The seasonal drop in the fertility of eggs also 
caused delays in the work. To these factors must be added the 
extreme caution needed in manipulating material with such 
infectious qualities. These points may help to explain the in- 
complete data and the omission of certain procedures. 


GENERAL SUMMARY AND CONCLUSIONS 


1. The virus of psittacosis has been propagated on the chorio- 
allantoic membrane of the developing egg for more than 425 
consecutive bacteria-free passages without loss of infectiousness 
for susceptible white mice. The material obtained has been 
used for a wide variety of experimental studies. 

2. Crude suspensions of the virus have been further purified 
and concentrated by means of tryptic digestion and differential 
centrifugalization. Standardization of the purified suspensions 
was accomplished by turbidity and by direct count of the ele- 
mentary bodies. 

3. Centrifugalization of the virus has resulted in concentrat- 
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ing the elementary bodies, but the supernatant fluid could not 
be entirely freed from infective particles. 

4. Filtration experiments have demonstrated that the virus 
seldom passed through Berkefeld V and N, Chamberland L3 
or Seitz EK filters. Highly successful filtration was obtained by 
using graded collodion membranes of the Elford type. 

5. Measurements of the size of the infective particle by ultra- 
filtration have shown that the psittacosis virus is either the 
elementary body, an invisible particle not separable from the 
elementary body, or an invisible particle of the same size as the 
elementary body. The first theory seems most probable. 

6. The elementary bodies have been shown to be good anti- 
genic agents and to be antigenically complex. Satisfactory and 
reproducible agglutination reactions have been demonstrated. 
Some indication of positive precipitin tests has been obtained. 

7. The mass of antigen needed for immunization and serologic 
reactions has been determined and the results accord well with 
the “mass factor” theories of Merrill. 

8. Neutralization of the virus and demonstration of this reac- 
tion on the egg membrane were shown to be unsatisfactory for 
reasons demonstrated. 

9. The virus of psittacosis, as represented by the elementary 
bodies, acts in all respects as a small microérganism requiring an 
intracellular habitat for multiplication and survival. 
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It is common knowledge that the gases formed by members of 
the colon-typhoid group of bacteria consist of mixtures of hydro- 
gen and carbon dioxide. Pakes and Jollyman (1901) showed 
that pure cultures of organisms of this group produced mixtures 
of hydrogen and carbon dioxide from formic acid. Since they 
also produced these gases from glucose, Pakes and Jollyman 
concluded that the gas from glucose came from intermediately- 
formed formic acid. Harden (1901) showed that the most 
striking difference in the fermentation reactions of Escherichia 
coli and Eberthella typhosa is that the latter is unable to decom- 
pose formic acid to hydrogen and carbon dioxide. He made the 
further observation that increased pressure decreased the pro- 
duction of hydrogen and carbon dioxide and increased the amount 
of formic acid in the fermentation of glucose by Escherichia colt. 
The latter observation suggested the reversibility of the re- 
action, later demonstrated by Woods (1936). 

It has generally been believed by most investigators of fermen- 
tations by the colon-typhoid group that the hydrogen formed 
during fermentation comes from intermediate formic acid. Most 
fermentation schemes, therefore, (e.g. Kluyver, 1931), designate 
formic acid as the precursor of the hydrogen formed. 

However, Stephenson and Stickland (1932) and Stephenson 


1 This work was accomplished by the aid of funds from the Medical Research 
Fund of the Graduate School. 
2 Formerly in Dept. of Bacteriology, University of Minnesota, now in Dept. 
of Bacteriology, University of Washington, Seattle, Wash. 
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(1937) present evidence that hydrogen may be produced by 
Escherichia coli from glucose and other carbohydrates, otherwise 
than from preliminarily-formed formic acid. Tasman and Pot 
(1935) could not confirm these findings. 

Quastel and Whetham (1925), using the Thunberg methylene- 
blue technique, showed that Escherichia coli, which produces 
hydrogen and carbon dioxide from glucose, is able to reduce 
methylene blue in the presence of formic acid. Early studies in 
this investigation showed that certain strains of Escherichia colt, 
which had lost the ability to produce gas from sugars and sodium 
formate, had also lost the ability to reduce methylene blue with 
formic acid. This observation supported the suggestion that 
formic acid is the precursor of hydrogen and carbon dioxide in 
the fermentation of glucose by Escherichia colli. 

However, Stickland (1929) showed that Eberthella typhosa 
which does not produce gas from glucose, is able to reduce methyl- 
ene blue in the presence of formic acid. Consequently, factors 
other than the activation of formic acid must be operative in 
order that carbon dioxide and hydrogen be produced. 

Since the work of Quastel, various investigators have studied 
the enzymes of bacteria of the colon-typhoid group which liberate 
gases from sugars and formic acid. Quastel (1925) described one 
of these as formic dehydrogenase, catalysing the reaction HCOOH 
+R = RH, + CO, where R is methylene blue or some other 
hydrogen acceptor. Another enzyme, hydrogenase, was studied 
by Tauss and Donath (1930) and Stephenson and Stickland 
(1931). Green and Stickland (1934) have shown that hydro- 
genase catalyses the reaction H,. — 2H+ + 2(e) in a perfectly 
reversible manner. 

Stephenson and Stickland (1932) have given the name “formic 
hydrogenlyase” to an enzyme which liberates hydrogen and 
carbon dioxide from formic acid, catalysing the reaction HCOOH 
= H. + CO, They are of the opinion that formic hydrogen- 
lyase cannot be regarded as a combination of formic dehydro- 
genase and hydrogenase. Furthermore, they present evidence 
that hydrogenlyases other than formic hydrogenlyase, in par- 
ticular glucose hydrogenlyase, exist. 
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From the work of Dienert (1900) and Karstrém (1938) it 
appears that the enzymes concerned in the fermentation of 
carbohydrates by bacteria may be of two types. Enzymes of 
the first type, called adaptive enzymes by Karstrém, appear in 
active form only when suitable substrates are present in the 
medium on which the organisms are grown. Enzymes of the 
second type, constitutive enzymes, are present independently 
of the substrates upon which they act. 

Stephenson and Stickland (1933) have shown that formic 
hydrogenlyase can be classified as an adaptive enzyme. Or- 
ganisms grown in broth alone do not produce gas from formic 
acid. However, the addition of sodium formate or glucose to 
growing cultures leads to the production of formic hydrogenlyase. 
The production of this enzyme does not occur in response to 
natural selection, nor is it necessarily accompanied by any con- 
siderable cell multiplication. This work is of special interest in 
view of the fact that some of the data here presented show that 
enzymes can be permanently or temporarily lost, and that the 
loss involved is a different phenomenon from the absence of an 
adaptive enzyme that may be regenerated by the addition of a 
suitable substrate. 

The basis of this investigation is a comparison of the enzymes 
of normal Escherichia coli, with those of anaerogenic variants, 
in an effort to determine the nature of the enzymes concerned in 
the production of hydrogen from sugars and formic acid. 

Numerous investigators have reported the occurrence of such 
anomalous strains. Neisser (1906) described Bacillus coli- 
mutabile, an organism that did not produce acid from lactose but 
consistently produced variants able to ferment that sugar. 
Penfold (1912) reported strains of Eberthella typhosa that failed 
to ferment dulcitol but gave rise to dulcitol-fermenting strains. 
Revis (1912) reported that strains of Escherichia coli, trained to 
tolerate malachite green, lost the ability to form gas on sugars. 
Penfold (1911) observed the same phenomenon with organisms 
grown with chloracetic acid. Similar phenomena have been 
reported by other investigators. 
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EXPERIMENTAL 
The production of biochemical variants by a strain of Escherichia coli 


Several years ago a strain of Escherichia coli (communis), 
from the collection at the University of Minnesota, was culti- 
vated for use in testing germicides. Several transplants were 
made, and these were subcultured serially on nutrient broth 
containing Armour’s peptone. The cultures were regularly 
plated and checked on glucose, maltose, lactose, sucrose, and 
mannitol broths. It was soon observed that certain cultures no 
longer produced gas on carbohydrates. Repeated plating of these 
cultures yielded a number of strains that behaved normally and 
a number that failed to produce gas on carbohydrate. Several 
of these variants were selected for further study. On repeated 
subculturing and plating, some reverted to gas production; 
others remained stable. Subculturing on sodium formate or 
carbohydrate broth favored reversion to gas production; however, 
some variants remained stable in spite of cultivation on carbo- 
hydrate medium. 

All variants which failed to produce gas in sodium formate 
broth also failed to do so as from the usual carbohydrates. How- 
ever, when variants reverted to gas production in sodium for- 
mate, they were then also able to produce gas from glucose and 
other carbohydrates. This point was checked repeatedly in 
view of the opinion expressed by Stephenson and Stickland 
(1933) and Stephenson (1937) that hydrogen may be produced 
from glucose without the intermediate production of formic 
acid, and that the enzymes responsible for the production of 
hydrogen from glucose and formic acid are distinct and separate. 
All cultures that produced gas from glucose also produced gas 
from sodium formate, and vice versa. 

The colonies that appeared on plating were smooth, rough or 
intermediate in form. A large number of representative colonies 
were picked and tested for gas production. However, there was 
no correlation between roughness or smoothness of colony and 
ability to produce gas on carbohydrate broths. This was further 
confirmed by plating on deep agar. 
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Although most of the variants differed from the normal or- 
ganism only in not being able to produce gas, we did encounter 
some variants that had lost the power to produce acid as well as 
gas from maltose. Cultivation of these on sugar broths favored 
reversion; however, stable strains were obtained which remained 
unable to produce acid on maltose even after serial transfer on 
maltose broth for several months. 


Methods employed in the study of the enzymes of normal Escherichia 
coli and its variants 
In this investigation, the enzymes of these organisms have been 
studied by the Thunberg methylene-blue technique as used by 
Quastel, or a modification of it; by measurement of pH changes in 
growing cultures to which various substrates were added; and 
by measurements of gas evolution with Warburg manometers. 
Methylene blue technique. The organisms were grown regularly 


‘on nutrient broth containing beef extract, pepione and water. 


Carbohydrate broths contained in addition 0.5 per cent of stock 
sugar and Andrade’s indicator. The medium used for the pro- 
duction of mass cultures was buffered by the addition of 0.5 or 
1 per cent of disodium phosphate. All organisms used in en- 
zyme studies were transferred daily for several days on broth 
before inoculation into the mass culture flask. Organisms were 
regularly checked on routine media. 

The sugar solutions were sterilized by filtration through 
Berkefeld or Seitz filters, and added in appropriate amounts to 
the mass culture medium. Following inoculation, the cultures 
were incubated twenty-four to forty-eight hours at 38°C. Mass 
cultures were repeatedly centrifuged and resuspended in saline or 
Ringer solutions. The organisms must be washed carefully 
because the presence of extraneous organic matter will influence 
the results of the experiments. Since, in these experiments, the 
organisms catalyse reduction of methylene blue in the presence 
of specific substrates, it is necessary that other substances pres- 
ent in the culture which can act as hydrogen donators be re- 
moved so far as possible. Organisms such as Aerobacter aerogenes 
secrete capsular material which is difficult to remove by washing, 
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and frequently there is enough of this extraneous material in the 
culture to mask the reaction of the substrate. 

Morphological variants which produce a firm pellicle or grow 
in granular form are difficult to suspend and reactions of such 
cultures are slow on all substrates. Except in the earlier ex- 
periments, suspensions were standardized by compacting in 
calibrated centrifuge cups, and resuspending the sediment in 
twenty times its volume of saline. 

The earlier experiments were performed in tubes of the Thun- 
berg type, in each of which were placed the suspension of organ- 
isms, a buffer, an oxidation-reduction indicator such as methylene 
blue, and the substrate to be tested. The tubes were evacuated, 
filled with oxygen-free nitrogen, and placed in a water bath. 
The time for decolorization of the indicator was determined by 
visual observation. 

In the later experiments, a modification of the Thunberg 
technique was used. The test tubes were equipped with side 
arms containing soft rubber stoppers, such as are used on vaccine 
bottles. Each tube was closed with a two-hole rubber stopper 
providing an inlet and an outlet for the gas (oxygen-free nitrogen 
saturated with water), which was bubbled through the liquid in 
the tube. Oxygen was removed from the nitrogen by passage 
over hot copper gauze in a Kendall (1931) apparatus. The tubes 
were kept in a water bath at a definite temperature, usually 
30°C. After the removal of entrapped air and the attainment 
of the proper temperature within the tube, the suspension of 
organisms was injected by means of a hypodermic syringe through 
the soft rubber stopper in the side arm. The decolorization of 
methylene blue was followed by visual comparison with control 
tubes, left open to the atmosphere, from which substrates had 
been omitted, and which contained varying amounts of methylene 
blue. Such comparisons showed the relative amounts of methyl- 
ene blue that had been reduced, and facilitated the determination 
of the final end point. 

These reduction experiments were controlled by setting up 
tubes containing organisms and methylene blue with no sub- 
strate. In order that the results be significant, it is necessary 
that the control tubes do not decolorize throughout the experi- 














ee eT 


Pee et tS ers 


oe wer oy 











—_—eeEw > VS FH O'S 


\w 


oe See 


HYDROGEN PRODUCTION BY E. COLI 205 


ment. There must be a significant difference in time of decolori- 
zation in the presence and in the absence of substrate. Using 
fresh suspensions, the methylene blue in the control tubes re- 
mained in the oxidized form for several hours, while with older 
suspensions, reduction might occur in a relatively short time. 

Changes in pH of cultures. The same basic medium was em- 
ployed in these studies as was used in the production of mass 
cultures. To this basic medium was added glucose, maltose or 
sodium formate solution that had been sterilized by filtration 
through Seitz or Berkefeld filters. After the addition of the 
carbohydrate, the medium was incubated for 48 hours at 37°C. 
to test for sterility. After inoculation, the cultures were again 
incubated for 48 hours. The pH of both the cultures and the 
uninoculated broth was determined at 30°C. by means of a glass 
electrode. 

Warburg technique. The suspensions used were prepared as 
described above. Warburg manometers (Dixon, 1934) with 
nearly uniform cups of 20 ml. capacity were used. Into each 
cup 1 ml. of buffer, 1 ml. of 0.1M substrate, and 0.5 ml. of washed 
suspension of cells to be tested were introduced by means of 
pipettes; 0.3 ml. of a 30 per cent solution of potassium hydroxide 
was placed in the inner cup for the absorption of carbon dioxide. 
A stream of nitrogen purified by passage over hot copper was led 
through the manometer for ten minutes. The manometer was 
then placed in a constant temperature water bath at 30°C. and 
shaken with a 4 cm. stroke at a rate of 120 oscillations per minute. 
Ten minutes after placing the manometer in the thermostat, the 
manometric liquid was set at 0 and the stopcock closed. The 
evolution of gas was determined by measuring the rise of the 
manometer fluid in the open arm after adjusting the fluid in the 
closed arm to the zero point. Readings were therefore taken at 
constant volume. Manometers containing no substrate but the 
same volume of liquid were used as thermobarometric controls. 


Reduction tests with normal and variant E. coli 


The earlier experiments of this nature were performed with 
Thunberg tubes following the technique of Quastel (1932). 
Thunberg tubes contained the ingredients as listed in the tables. 
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The tubes were evacuated by a motor-driven air pump and 
placed in a water bath at 45°C. The time of decolorization was 
noted. In cases where decolorization proceeded slowly, the 
experiments were terminated before all the tubes were decolor- 
ized. In the first experiments reported, that amount of bacteria! 
suspension was used which would give decolorization in approxi- 
mately ten minutes with 0.01M sodium succinate. 

Table 1 shows a comparison of the activation of sodium formate 
and sodium succinate by culture I, a normal Escherichia coli, 


TABLE 1 
Comparison of activation of sodium formate by cultures I and V 

Cuurvure .... estuash I a Vv Vv Vv 
Tube number an eibnadtatwates aati be A 4 2 3 . 4 5 6 
1/5000 Methylene blue (ml.). ae 1 1 1 1 1 1 
M/20 Sodium succinate (ml.)..... 0 0 1 0 0 1 
M/15 Phosphate buffer, pH 7.5 (ml.) 1 1 1 1 1 1 
M/10 Sodium formate (ml.). 0.5 0 0 0.5 0 0 
Suspension of organism (ml.)..........| 0.5 0.5 0.5 0.4 0.4 0.4 
Water (ml.). 2 2.5) 1.5 2.1 2.6 1.6 

5 5 5 5 5 5 


Total volume (ml.) 


3.5 |>120 | 13.5 (>120 |>120 | 10.6 


Time of decolorization (min.) 
with that of culture V, a variant unable to produce gas from 
sugars and sodium formate. 

The two suspensions are comparable in their ability to reduce 
methylene blue with 0.01M sodium succinate. However, the 
variant culture was unable to reduce methylene blue in the 
presence of 0.01M sodium formate, whereas the normal organism 
did this in 3.5 minutes. The experiment was confirmed, using 
five tubes for each test. 

In the normal fermentation of carbohydrates by E. coli, gas 
appears in a pH range of approximately 4.5 to 7.5. It was there- 
fore considered desirable to investigate the activation of sodium 
formate by suspensions of normal and variant strains throughout 
this range. 
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Tables 2 and 3 illustrate the effect of pH on the time of decolor- 
ization with 0.01M sodium formate by cultures I and V. The 
suspension used in these experiments was not the same as that 
used in Experiment I; hence corresponding tubes do not show 
the same reduction time with 0.01M sodium succinate. 


TABLE 2 
Effect of pH on activation of sodium formate by culture I 


[use NUMBER 1 2 3 4 5 6 7 s 
1/5000 Methylene blue (ml.) l 1 1 l l l l l 
M/10 Sodium formate (ml.) 0.5 0.5 0.5 0.5'0.5'0.5/;0 0 
M/15 Phosphate buffer (ml.) 1 l 1 l l ] l | 
pH 7.5 | 6.9 | 6.5 | 5.9 | 5.2 | 4.4] 7.2 | 7.2 
M/20 Sodium succinate (ml.) 0 0 0 0 0 0 }1 0 
Suspension of organism (ml.) 0.7 | 0.7 | 0.7 | 0.7 | 0.7 | 0.7 | 0.7 | 0.7 
Water (ml.) 1.8/1.8) 1.8) 1.8] 1.8 | 1.8] 1.3 | 2.3 
Total volume (ml.). 5 5 5 5 } 5 5 5 
Time of decolorization (min.) 3 2.5 | 3 3 3.5 | 4 10 =60 
TABLE 3 
Effect of pH on activation of sodium formate by culture V 
Tose NUMBER 1 2 3 4 5 . 7 8 
1/5000 Methylene blue (ml.) 1 1 1 l l l l l 
M/10 Sodium formate (ml.) 0.50.5 05 0.5 0.8 0.850 10 
M/15 Phosphate buffer (ml.). l 1 l l | ] l l 
te 7569 65 59 5.2 447.2 7.2 
M/20 Sodium succinate (ml.) 0 0 0 0 0 0 l 0 
Suspension of organism (ml.) 0.5 0.5 0.5 0.5 0.5 0.5 0.5, 0.5 
Water (ml.). eis 2 2 2 2 1.5) 2.5 
Total volume (ml.) § |5 5 5 5 § |5 |5 
Time of decolorization (min.) 60 70 >90 >90 >90 >90 10 64 


It is evident that variant culture V was unable to activate 
sodium formate to reduce methylene blue throughout this range 
of pH. Decolorization of the control tube containing no sub- 
strate at pH 7.2 indicated that the cells had not been washed free 
of oxidizable matter. 
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The increase in time required for decolorization with increasing 
acidity, as shown in table 3, may be due to the effect of pH on the 
extraneous substances produced by the cells. Tube 8, a contro 
with no substrate added, was reduced in a time intermediate 
between the times of reduction in tubes 1 and 2 containing sodium 
formate, the tubes most nearly corresponding in pH. ‘The ce!!s 
in this experiment were not fresh, as indicated by the reduction 
time for tube 8, a control. 

Culture VII, a variant, and culture VIII, producing gas from 
carbohydrates and sodium formate, were isolated from the same 


TABLE 4 
Comparison of activation of sodium formate by cultures VII and VIII 

CULTURE. ; , vil Vil Vil VIII Vill VIII 
Tube number ‘ pane és : 1 2 3 4 5 6 
1/5000 Methylene blue (ml.).. 1 1 1 1 1 l 
M/20 Sodium succinate (ml.).. 0 0 1 0 0 l 
M/10 Sodium formate (ml.) 0.5 0 0 0.5 0 0 
M/15 Phosphate buffer, pH 7.5 (ml.) 1 1 1 1 1 1 
Suspension of organism (ml.) 1.2 1.2, 1.2 | 1.7 1.7) 1.7 
Water (ml.) 1.3 1.8 0.8 | 1.8 2.3) 1.3 

Total volume (ml.) ; 5 5 65 5 § 15 


Time of decolorization (min.) >120 >120 13 3.7 >120 | 8 


source, a variant culture which reverted to gas production after 
continued cultivation on carbohydrate media. Since it was 
possible that gas production might depend on more than one 
factor, it was of interest to determine whether the property of 
activation of sodium formate was present in these cultures. 

This experiment showed that culture VIII activated sodium 
formate strongly, whereas culture VII, from the same parent 
culture, did not activate sodium formate. Previous testing of 
the parent culture had shown that the ability to activate sodium 
formate was absent. 

In the above experiments the mass cultures employed were 
grown on nutrient broth. In all experiments with variant or- 
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ganisms, the ability to activate sodium formate to reduce meth- 
ylene blue had been found lacking, whereas this ability had always 
been found in the normal organism. The question then arose as 
to whether the enzyme which activates formate is an adaptive 
enzyme which is lacking in the variant because of absence of 
ingredients stimulating its formation in the medium employed 
in growing the mass cultures. 

Yudkin (1932) and Stephenson and Stickland (1932) have 
shown that the enzymes concerned in gas production by Es- 
cherichia coli may be considered to be adaptive. It was therefore 
necessary to grow the normal and variant cultures on media which 
might stimulate the production of such enzymes. 

In the next series of experiments, normal and variant organ- 
isms were tested for action on sodium formate and molecular 
hydrogen when grown on phosphate-buffered broth, and on 
phosphate broth containing glucose or maltose. 

The modified methylene-blue technique described earlier was 
used. Suspensions of washed organisms were standardized by 
centrifuging in graduated tubes and made up to the desired 
volume, usually twenty times the volume of the organisms. 

A considerable number of strains of normal and variant 
Escherichia coli were tested. Typical results are shown in table 5. 
The reduction experiments were terminated at sixty minutes; 
lack of decolorization of methylene blue at this time is indicated 
by >60’. 

It is apparent from table 5 that culture II, normal Escherichia 
coli, can activate sodium formate and molecular hydrogen to 
reduce methylene blue regardless of the presence or absence of 
glucose or maltose in the medium used for growth. A consider- 
able number of strains of Escherichia coli isolated from sewage 
were tested for their ability to reduce methylene blue with 
sodium formate and with molecular hydrogen. All possessed 
active enzymes, irrespective of the medium used for growth. 
Thus the enzymes concerned in the activation of hydrogen and 
sodium formate must, according to Karstrém, be considered 
constitutive. Cultures of anaerogenic variants which had re- 
verted to gas production were tested for these enzymes (see 
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table 4). In every case organisms able to produce gas were 
found to possess hydrogenase and formic dehydrogenase. 

The various types of anaerogenic variants found are shown in 
table 5. The activities of the enzymes, formic dehydrogenase 
and hydrogenase, varied considerably in different strains, but 
did not appear to be dependent upon the presence of glucose or 
maltose in the medium used for growth. Most of the variants 


TABLE 5 


The activation of sodium formate and molecular hydrogen by normal 
and variant Escherichia coli 


ATMOSPHERE. , : a ms see NITROGEN HYDROGEN. 
Medium used for growth | b. g.b. | m.b.| b. | g.b. m.b.) b. | gb. | m.b 


1/5000 Methylene blue (ml.) 


1j1/1 fd ja jaja fi 

M/15 Phosphate buffer, pH 6.9 (m].)...5 |5 |5 |5 |5 |5 |5 |5 (5 

M/10 Sodium formate (ml.). 8 12:13 10.180: 10 16-19-16 

Water (ml.) 10 0 |0 2 2 2 \2 2 \2 
Suspension of organisms (ml.) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 
Total volume (ml.) , 8.5 8.5) 8.5) 8.5 8.5, 8.5) 8.5) 8.5) 8.5 


TIME OF DECOLORIZATION IN MINUTES 





E. coli II....... 2 | 3.41 3 | >60!>60/>60| 6.2) 6.2) 4.2 
Variant X..... >60 |>60 |>60 | >60 | >60 | >60/| 16 4 | 8 
Variant XI.... [3 33 1.7, >60 | >60 >60 >60 _>60 >60 
Variant XII 2.2; 6.7) 3.5) >60| >60/ >60/ 3 4.5, 3 
Variant XIII >60 >60 |>60 >60 | >60 | >60 |) 44 >60 54 


b., phosphate broth; g.b., glucose phosphate broth; m.b., maltose phosphate 
broth. 


tested were of the type of Variant X, that is, they were unable to 
activate formate. In only one case was an anaerogenic culture 
(Variant XII) found which was able to activate both hydrogen 
and formate, i.e., possessed both hydrogenase and formic de- 
hydrogenase. It is apparent from the existence of this culture 
that some factor other than the presence of these enzymes is 
necessary for production of gas. Further evidence to this effect 
arises from the fact that a suspension of normal Escherichia coli 
grown in broth without proper substrate produces little or no 
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gas from glucose or sodium formate, whereas gas is produced at 
a rapid rate if sugars are present in the medium used for growth. 

Stephenson and Stickland (1932) and Stephenson (1937) have 
concluded that formic hydrogenlyase, the enzyme concerned in 
the production of gas from sodium formate, is an enzyme separate 
and distinct from formic dehydrogenase and hydrogenase. This 
is in opposition to their earlier view (Stephenson and Stickland 
1931) that formic dehydrogenase and hydrogenase together make 
up the enzyme producing gas from formic acid. Their con- 
clusion was based in part on evidence that Bacillus lactis-aerogenes 
possessed no hydrogenase, but was able to produce gas from 
formic acid, i.e., possessed formic hydrogenlyase. In their 
earlier paper Stephenson and Stickland considered the presence 
of hydrogenase in B. lactis-aerogenes questionable since reduction 
with hydrogen in Thunberg tubes took place in 9} minutes, 
whereas reduction occurred in 15} minutes in the control. In 
their second paper, this question was reéxamined, and the con- 
clusion reached that the enzyme was absent, but no conclusive 
data were given. 

It seemed, therefore, desirable to test cultures of Aerobacter 
species for the presence of hydrogenase. 


Hydrogenase in aerobacter species 


Three strains of Aerobacter aerogenes and two strains of Aero- 
bacter cloaceae were subcultured in broth containing 0.25 per cent 
sodium formate and 0.25 per cent glucose every three days for a 
month. Mass cultures were then grown in broth containing 
1 per cent phosphate, 0.25 per cent sodium formate and 0.25 
per cent glucose. The organisms were harvested at 36 hours and 
washed three times in 0.9 per cent saline. The suspensions were 
then tested for hydrogenase, using the modified methylene blue 
method. The results are shown in table 6. 

Suspensions of Aerobacter aerogenes 401 were further tested for 
hydrogenase in solutions of varying pH, as shown in table 7. 

It is clear that the suspension of Aerobacter species tested re- 
duced methylene blue more rapidly in the presence of hydrogen 
than in the presence of nitrogen. In relatively concentrated 
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suspensions, the reducing matter associated with the cells masked 
the presence of hydrogenase. The effect of change in pH shows 
that more than one factor is operating in those tests where hydro- 


TABLE 6 
Tests for hydrogenase in aerobacter species 


SUSPENSIONS OF ORGANISMS USED 


1:20 1:40 1:100 
CULTURE eerenenetarpenenanasaenSne toa . 
Times of reduction of methylene blue in minutes in 
atmospheres of 


| Hs N: 


Aerobacter aerogenes 401......... 0 | | oF | | 10 >90 
Aerobacter aerogenes 403 : j | 16 >90 
Aerobacter aerogenes 404.... . ae) F. 

Aerobacter cloacae 451 8 | §.1 12 | >90 
Aerobacter cloacae 452 er | 61 


Suspensions of organisms are from mass cultures grown for 36 hours at 37°C. 
on 1 per cent phosphate broth with 0.5 per cent glucose and 0.25 per cent sodium 
formate. 

Each tube contained: 5 ml. M/15 phosphate buffer, pH 6.9, 0.5 ml. 1/5000 
methylene blue, 0.5 ml. suspension of organisms. 

Temperature of experiment: 30°C. 


TABLE 7 
The effect of pH and concentration of cells on hydrogenase in aerobacter aerogenes 


SUSPENSIONS OF ORGANISMS USED 


1:20 


Times of reduction of methylene blue in minutes in atmospheres of 





H: Ns | Hs N: } H: N: 





3.2 | 2 Ss. J | 18 , >120 
2.5 18.5 | | 13.5 | >120 
1.8 17.5 10.5 | >120 
2 17 8.2 | >120 


3 12.5 .2 8 > 120 





Suspensions from a mass culture grown for 36 hours at 37°C. on 1 per cent phos- 
phate broth with 0.5 per cent glucose and 0.25 per cent sodium formate. 

Each tube contained: 5 ml. M/15 phosphate buffer, 0.5 ml. 1/5000 methylene 
blue, 0.5 ml. suspension of organisms. 

Temperature of experiment: 30°C. 
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gen was used. Hence it must be concluded that these Aerobacter 
species possess hydrogenase. 


TABLE 8 


Final pH values of media inoculated with normal and variant strains of E. coli 


REACTION REACTION 
ON GLUCOSE ON MALTOSE euucoss — 
N BROTH BROTH co ALTOS FORMATE 
= BROTH BROTH BROTH 


Using Durham tubes 


pH 
Uninoculated 
E. coli I 
Variant X 
Variant XI 
Variant XII 
Variant XIII.. 


NN NN @ 


TABLE 9 
Hydrogen evolution by Escherichia coli from sodium formate, glucose and maltose 
MEDIUM GAS EVOLVED IN MM® AT (TIME IN MINUTES) 


SUBSTRATE USED FOR 


ewes 5 10 15 30 45 


7 16 24 52 
53 255 


0 

|| b. 0;-1 |-1 !-2 —1 -1 
Formate... g.b. 0 
0 


{| m.b. 


1} b. 0 1 2 11 28 
Glucose {  g.b. 0 9 16 41 68 
{|| mb. | 0 33 52 165 


(| b. 0 =a) @1 % 19 | 35 | 76 
Maltose.....4 gb. |0| 4] 8 | 18 | 17 52 159 
| mb. |0| 26 | 57 | 101 | 153 204 





b., phosphate broth; g.b., glucose phosphate broth; m.b., maltose phosphate 
broth. 

Warburg cups contains: 1 ml. pH 6.9 M/15 phosphate buffer, 1 ml. 0.1M sub- 
strate, 0.5 ml. suspension of organism. 

Inner cup contains: 0.3 ml. 30 per cent potassium hydroxide. 

Temperature of experiment: 30°C. 


Changes in pH by normal and variant Escherichia coli 


The pH values were determined in cultures of normal and 
variant Escherichia coli grown at 37°C. for 48 hours in 1 per cent 
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phosphate broth, and in phosphate broth containing 0.5 per cent 
glucose, 0.5 per cent maltose, or 0.5 per cent sodium formate. 

It will be seen that the variant cultures producing no gas from 
sugars and formate are inert towards sodium formate, whereas 
the normal culture produces a pronounced alkalinity in formate 
broth. Furthermore, the variant cultures which, according to 
the Durham tube criterion, are unable to produce acid from mal- 
tose do not change the pH appreciably in the presence of maltose. 


Hydrogen evolution by normal and variant Escherichia coli 


Suspensions of normal and variant Escherichia coli were tested 
for production of hydrogen from formic acid, glucose and maltose 
in Warburg manometers. 

The variant cultures tested for hydrogen production were 
negative in all cases, confirming their anaerogenic character 
indicated by the usual carbohydrate media. The results obtained 
with the normal strain of Escherichia coli are given in table 9. 

The suspension grown on broth produced no hydrogen from 
sodium formate, but produced gas from glucose and maltose 
after a latent period. Suspensions grown in glucose or maltose 
broths produced gas at once from sodium formate, glucose or 
maltose. 

DISCUSSION 

It is highly probable that the hydrogen produced from sugars 
by E. coli comes from intermediately-formed formic acid. Var- 
iant strains of E. coli which fail to form gas from sugars are 
unable to produce gas from formate. Variant strains reverting 
to the aerogenic form, following cultivation on sugar broths, 
produce gas from formate as well as from sugars. 

Anaerogenic variants of E. coli may or may not possess the 
enzymes hydrogenase and formic dehydrogenase in active form. 
However, on reversion to the aerogenic form, these enzymes ap- 
pear in active form and their presence is independent of the 
presence of glucose or maltose in the medium used for growth. 
Hydrogenase and formic dehydrogenase have been found in all 
strains of E. coli capable of producing gas. 
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The determination of the presence of hydrogenase in Aerobacter 
species makes tenable the theory that the production of hydrogen 
and carbon dioxide from formic acid is the result of the combined 
action of the enzymes hydrogenase and formic dehydrogenase, 
and makes unnecessary the postulation of formic hydrogenlyase 
as an enzyme separate and distinct from, and not composed of 
hydrogenase and formic dehydrogenase. 

Farkas, Farkas and Yudkin (1934), studying the decomposition 
of sodium formate by Escherichia coli in heavy water of varying 
deuterium content at pH 7, have shown that the hydrogen 
evolved by the decomposition of formate, with regard to its 
deuterium content, was in equilibrium with the water in the 
solution from which it was liberated. Analysis of the hydrogen 
evolved with regard to the three different molecular species 
H., HD and D, showed that these three constituents were present 
in their equilibrium concentration. In addition, the observation 
was made that if normal water was left in contact with hydrogen 
containing 30°% D in the presence of Escherichia coli, a complete 
replacement of the deuterium gas by normal hydrogen occurred 
in a few hours. 

They concluded that reactions of the type: 

H COO Na + D,O = H COOD + NaOD 
H COO D = HD+ CO, 
could not express the decomposition of formate. Since only the 
hydrogen atom in the acid radicle can be replaced by D, D, 
can not be formed according to this reaction. 

Krebs (1937), on the basis of the experiments performed by 
Farkas, Farkas and Yudkin, suggested that the mechanism of 
decomposition of formate can be represented by the following 
equation: 

H,O + HCOO- = H; + H CO; 


where the formate is oxidized by the water, accompanied by a 
liberation of hydrogen. According to this view, the hydrogen 
evolved is derived from the water of the medium, and is there- 
fore in equilibrium with the water in respect to deuterium content 
in the experiments quoted above. 
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Borsook (1935) studied the reaction: 
pyruvate” + formate~ + H,O = lactate- + HCO; 


in the presence of toluene-treated suspensions of E. coli. The 
components of this reaction may be written: 


(a) formate” + H,0 = HCO, + 2H* + 2e, Eo’ = —.41 

(b) pyruvate” + 2H* + 2e = lactate", E,’ = —.18 

It was discovered that pyruvate and formate do not react at a 
significant rate in the presence of toluene-treated organisms unless 
a dye is present whose E,’ is intermediate between that of the 
lactate-pyruvate and formate-bicarbonate systems. The ex- 
planation given for the necessity of an intermediary dye system 
is that in the toluene-treated organisms, electron conduction 
cannot occur between the lactate-pyruvate and formate-bicar- 
bonate enzymes. 

Borsook’s theory of complete and incomplete enzyme centers 
may well be applied to the decomposition of formate by EL. coli. 
A suspension of £. coli grown in broth alone is unable to produce 
gas from formate, and is also unable to reverse the reaction and 
synthesize formate from hydrogen and carbon dioxide (see 
Woods 1936), although the enzymes, formic dehydrogenase and 
hydrogenase, can be shown to be present. Our work shows that 
cells grown in broth containing sugars are able to produce gas 
from formate. According to Stephenson, this is also true of 
cells grown in broth containing formate. Because of this phe- 
nomenon the enzyme liberating gas from formate is said to be 
“adaptive.” It is possible that in the suspension of E. coli 
grown in broth alone, some factor may be lacking so that electron 
conduction between hydrogenase and formic dehydrogenase 
cannot occur. On the other hand, cells grown on formate or 
carbohydrate broth produce gas from formate because this miss- 
ing factor is present, and hence electron conduction can occur. 

When we consider the synthesis of formate: 


H; + HCO;- = H,O + HCOO- 


it is evident that the enzyme system must be able to activate 
molecular hydrogen as well as bicarbonate. Since such a system 
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must therefore possess the combined characteristics of the two 
enzymes, hydrogenase and formic dehydrogenase, it seems rea- 
sonable to believe that the production of hydrogen and carbon 
dioxide from formate is the result of the combined action of these 
same enzymes. 

The two components of the reaction: 

H,O + HCOO- = H, + HCO, 
may be expressed as: 
(a) H,0 + HCOO- = HCO, + 2H* + 2e 
(b) 2H* + 2e = H; 

According to this scheme, the nature of the hydrogen evolved 
would necessarily be determined by the nature of the water. 
This is in agreement with the results of Farkas, Farkas and 
Yudkin in their experiments with heavy water. 

From experiment IX it is apparent that resting cells which 
have been grown in plain broth are not able to regenerate the 
enzyme hydrogenlyase in the presence of formate, but are able 
to do so in the presence of glucose or maltose. According to 
Stephenson, organisms which have been grown in plain broth are 
able to produce the enzyme hydrogenlyase if they are subse- 
quently cultured on broth containing formate. The fact that 
formate can bring about the regeneration of this enzyme in the 
one case where organisms are grown in its presence, and not in 
the other, indicates that the regeneration is controlled by factors 
other than the mere presence of formate. This question is being 
studied further, and will be discussed in greater detail in a later 
publication. 

SUMMARY 

Variant strains of Escherichia coli were isolated which produced 
no gas from formate and carbohydrate broths. Culturing in 
formate and carbohydrate broths favored reversion to the aero- 
genic form. In all cases, variants reverting to gas production 
produced gas from formate as well as from glucose and other 
carbohydrates. 

No correlation was found between roughness and smoothness 
of colony and ability to produce gas. 
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A further variation, loss of power to form acid from maltose, 
occurred in some anaerogenic strains. 

Anacrogenic variants have been found that possess both hydro- 
genase and formic dehydrogenase, others have been found that 
possess only one of these enzymes, and still others have neither 
of them. However, the enzymes are always present in cultures 
which have reverted to the aerogenic form. All normal strains 
of Escherichia coli were found to possess these enzymes in active 
form, irrespective of the presence or absence of glucose or maltose 
in the medium used for growth. 

Three strains of Aerobacter aerogenes and two strains of Aero- 
bacter cloacae were shown to possess the enzyme hydrogenase, 
although the presence of this enzyme may be masked by reducing 
systems associated with the bacterial cells. 

The determination of pH changes in growing cultures showed 
that the anaerogenic variants were inert towards formate, and 
that the maltose variants produced no significant amount of acid 
from maltose. 

All anaerogenic variants failed to produce hydrogen from mal- 
tose, glucose and formate when tested in Warburg manometers. 
Normal Escherichia coli grown in phosphate broth produced no 
gas from formate but did produce gas from maltose and glucose 
after a latent period. Suspensions of Escherichia coli grown in 
glucose or maltose broth produced hydrogen from formate, 
glucose or maltose at a rapid rate. 

The results of our investigation indicate that the hydrogen 
produced from glucose by Escherichia coli comes from formic 
acid, which is an intermediate product in the fermentation of 
sugar, and that formic dehydrogenase and hydrogenase are 
constituents of the enzyme liberating gas from formic acid. 
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Some members of the gas-gangrene group, such as Clostridium 
histolyticum, secrete proteolytic enzymes which cause much tissue 
damage in vivo. However, certain non-pathogenic Clostridia, 
such as Clostridium sporogenes, produce proteolytic enzymes 
which are as active as those of Clostridium histolyticum in the hy- 
drolysis of gelatin or casein, but which are relatively impotent 
in vivo. In regard to the pH optima and activation behavior, 
no differences have been found between the proteinases of the 
pathogenic and the non-pathogenic Clostridia (Weil, Kocholaty 
and Smith, 1939). 

Pozerski and Blanc (1920) reported that the proteinase of 
C. sporogenes was inhibited by normal horse serum, while that of 
C. histolyticum was not. This suggested that absence of inhibi- 
tion by normal serum of the exocellular proteinases of this group 
of organisms might be correlated with the pathogenicity of the 
strain producing the proteinase. 

Evidence in support of this possibility appeared when, during 
the prosecution of this study, Grassmann (1938) reported the 
inhibition of the proteinase of Clostridium botulinum by normal 
horse serum, but could find no inhibition of the enzymes of 
Clostridium welchii. The enzymes of the latter organism, how- 
ever, were inhibited by immune serum. 


MATERIALS AND METHOD 


The organisms used in this study, with the exception of the 
strain of C. histolyticum, were obtained from the American Type 
221 
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Culture Collection. The smooth strains of C. histolyticum were 
obtained from Dr. Weinberg, of the Pasteur Institute, Paris; 
the rough strains were obtained by colony selection (Hoogerheide, 
1937). They were grown in beef-heart infusion broth at 37°C. for 
24 to 48 hours. After incubation, the cultures were centrifuged 
and the supernatant fluids passed through Seitz filters. These 
filtrates were used as the enzyme solutions. 

The method used for the determination of proteolytic activity 
was a modification of the method of Haines (1932, 1933). The 
activity of the enzyme solution was calculated from the rate of 
gelatin liquefaction, measured in Ostwald viscosity tubes. In 
the comparison of the inhibiting action of certain serum fractions 
on bacterial proteinases with that on trypsin, Bactotrypsin was 
diluted until it liquefied gelatin at approximately the same rate 
as did the enzyme with which it was being compared. 


PREPARATION OF GELATIN 


Twenty-five grams of Coignet Gold Label gelatin were soaked 
in 150 ml. of water for three or four hours and then warmed gently 
until dissolved. A solution of 2.5 grams of phenol in a small 
quantity of water was added to the gelatin as a preservative. 
The whole was adjusted to pH 7.0 with 0.1 N NaOH. After 
dilution to 250 ml. with water, 211 ml. of 0.1 M Na,HPO, and 
39 ml. of 0.1 M NaH,PO, were added. The solution was allowed 
to stand at 37°C. overnight, during which time a precipitate of 
calcium phosphate formed, which was removed by centrifuging. 
As was pointed out by Haines (1933), the viscosity properties 
of gelatin change somewhat with repeated liquefaction and 
gelation. To avoid this, the stock solution was divided into 
smaller lots and stored in the refrigerator. For each series of 
determinations, a fresh tube was liquefied at 37°C. 


DETERMINATION OF ENZYME ACTIVITY 


Since, when a number of simultaneous determinations were 
being made, it was necessary to use non-uniform viscosity tubes, 
these were calibrated by determining the outflow time for distilled 
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water at 37°C. This factor (t,, = the outflow time in seconds for 
distilled water, using 5 ml. total volume) was used in calculating 
the results. Simple Ostwald viscometers were used throughout. 
Best results were obtained in a given series when the ¢,, values 
for the different viscometers were approximately equal, preferably 
between 40 and 70. 

Previous to each experiment, the viscometers and the solutions 
to be used (gelatin and enzyme) were brought to constant temper- 
ature in the thermostat. For each determination, 3 ml. of the 
5 per cent gelatin solution, a suitable quantity of the bacterial 
filtrate (usually 0.1 to 2.0 ml.), and sufficient water to make the 
total volume exactly 6 ml., were mixed, the time of mixing being 
noted to the nearest half minute. Five ml. of this mixture were 
measured into the viscometer. The falling time of the mixture 
(t) was then measured to the nearest half second, every four or 
five minutes during the course of the determination. For pur- 
poses of calculation, the time (7') at which the viscosity measure- 
ment (¢) was made, was taken as the interval, in minutes to the 
nearest half minute, between the mixing time and the mean time 
of each measurement. 

When serum, or serum fractions, were used as inhibiting agents, 
they were added to the enzyme solution two minutes before the 
addition of the gelatin. The length of this time interval was 
purely arbitrary. One-tenth ml. of serum, or a corresponding 
amount of serum fractions, was used in each experiment. 


CALCULATION OF RESULTS 


The experimentally observed outflow time (t, in seconds) is 
plotted against the square root of the elapsed time (7’, in minutes). 
A straight line results, the slope of which is calculated from the 
relation 


(A) h—t = k(/T; - V/T;) 


The magnitude of the constant, k, depends, of course, on the 
constant of the particular viscometer used. As is shown below, 
it is also directly proportional to the square root of the enzyme 
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quantity used in the determination. To correct for these factors, 
use is made of the equation, 

(B) 008 = KVV 

where ¢,, is the viscometer constant, and V is the volume in 
milliliters of the enzyme solutions used. The factor 100 is intro- 
duced merely so that the values for K, the enzyme activity, will 
in general be above unity. 

The equations presented above are forms of Schiitz’s law 
(1885). Haines (1932, 1933) has shown that equation (A) holds 
for the liquefaction of gelatin by filtrates of a variety of micro- 
organisms. It was found to hold also for the bacterial enzymes 


TABLE 1 
Influence of amount of enzyme on gelatin liquefaction 
nig ‘ ~ | 2 K 

ml, 

2.0 4.89 55.6 0.088 6.20 
1.5 4.35 57.3 0.076 6.23 
1.0 2.41 40.8 0.059 5.90 
0.75 2.41 45.5 0.053 6.16 
0.50 1.92 49.4 0.043 6.08 
0.25 1 


24 42.9 0.029 5.94 


used in this study. Haines carried out his work using a constant 
volume (2.5 ml.) of enzyme solution throughout. This procedure 
is justified when filtrates of moderate enzymatic activity are used. 
It is often necessary, however, to measure very high or very low 
enzyme activities. To keep the viscosity change within conven- 
ient limits, the amount of enzyme must be increased or decreased. 
In order to obtain comparable results in such cases, it was neces- 
sary to establish the relation between the rate of gelatin lique- 
faction and the volume of enzyme solution used. The results are 
given in table 1. 


EXPERIMENTAL 


The inhibition of the proteolytic enzymes of a number of 
anaerobic spore-formers by fresh, normal rabbit serum was in- 
vestigated. The results are given in table 2. 
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No non-pathogenic organism in the above list possesses proteo- 
lytic enzymes which are able to resist inhibition by normal serum. 
Of the pathogens tested, Clostridium histolyticum, C. welchii, and 
C. oedematis-maligni possess proteolytic enzymes which are 
capable of hydrolyzing proteins in the presence of normal serum. 
It is probable that this characteristic is an important one in 
pathogenesis, enabling the members of this group to establish a 
foothold in the body of the host and to obtain those breakdown 
products of protein which are their main source of energy. C. 
botulinum, although usually considered as pathogenic, neverthe- 
less is so only by virtue of its toxin, which must be produced 
ex vivo. 

TABLE 2 


Inhibition of the proteinases of Clostridia by normal rabbit serum 


ACTIVITY WITH 


ORGANISM ENZYME ACTIVITY oy pata 
C. aerofetidum 23.5 <1 

C. botulinum 7.5 <1 

C. fallax 1.9 <1 

C. histolyticum R- 35.0 3.0 

C. histolyticum S- 33.0 33.0 

C. oedematis-maligni 2.0 2.0 

C. putrificum 22.0 3.0 

C’. sporogenes 45.0 <1 

C. welchii 15.0 12.0 


Pozerski and Guelin (1938) reported that the escharotic prop- 
erties of culture filtrates of the spore-forming anaerobic bacteria 
bore little or no relation to their proteolytic activity. They did 
not, however, determine whether there was any inhibition of the 
proteolytic enzymes by normal serum, although they did report, 
in a separate paper, that the proteinases of Clostridium sporogenes, 
C. bifermentans, and C. sordelli were inhibited by egg albumin, 
while those of C. histolyticum were not. 

Heiden (1905, 1906) reported that trypsin was inhibited by 
serum albumin. This inhibition was studied in detail by Hussey 
and Northrup (1923), who concluded that the inhibition was due 
to the relative indigestibility of the serum albumin, to which the 
trypsin became attached. It was thought that the “anti-trypsin”’ 
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of the serum might be the substance responsible for the inhibition 
of certain of the bacterial proteinases. In making the comparison 
of the inhibition of trypsin and a bacterial proteinase which was 
inhibited by normal serum, the filtrate of a rough strain of 
C. histolyticum was used. The proteinase of this organism was 
active in liquefying gelatin, was almost totally inhibited by fresh 
serum, and was readily obtainable. 

Serum which had stood for about a week at room temperature, 
or for two or three months in the refrigerator, inhibited the bacte- 
rial proteinase hardly at all, while it did inhibit trypsin almost as 
well as fresh serum. Half saturation with ammonium sulfate 
also served to destroy the ability to inhibit the bacterial pro- 
teinase, but did not affect the ‘“‘anti-tryptic” activity. 

These results made it seem possible that there might be two 
substances in serum, one inhibiting trypsin and the other inhibit- 
ing the bacterial proteinase. However, all attempts to separate 
the two were unsuccessful. Both were destroyed by heat at 
the same rate, being half destroyed by an exposure of 10 minutes 
at 64°C., and being almost completely destroyed by an exposure 
of 30 minutes at this temperature. 

Serum was separated into its constituent fractions by electro- 
phoresis in the Tiselius apparatus.! These fractions were tested 
for the inhibition of trypsin, and for the inhibition of the pro- 
teinase of the rough strain of C. histolyticum. The results are 
given in table 3. 

The inhibition of the bacterial proteinase by the 8 globulin 
could not be represented quantitatively. There was an almost 
complete inhibition of gelatin liquefaction for thirty minutes. 
At the end of this time, liquefaction began and proceeded almost 
as rapidly as if no inhibiting substance were present. The 
activation shown by the A globulin, although slight, was consistent. 
It was also found with globulin prepared from normal horse 
serum. 

The parallelism of the inhibition of trypsin and of the bacterial 
proteinase by different fractions of normal rabbit serum, as shown 


1 The authors are indebted to Dr. Laura Krejci and Mr. Robert Jennings for 
preparing the serum fractions. 
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in table 3, indicates that the inhibition of these two enzymes is 
primarily due to a single substance, the albumin of the serum, 
although the 8 globulin inhibited the bacterial proteinase more 
than it did the trypsin. Serum albumin prepared in the Tiselius 
apparatus is submitted to a minimum of manipulation and ex- 
posure to adverse conditions, and contains no more than traces 
of the other protein constituents. However, if the albumin of 
the serum is responsible for the inhibition of both of these en- 
zymes, then certainly the mechanism of inhibition cannot be the 
same. It is possible that certain labile groups which can be 
altered by treatment with ammonium sulfate or by standing at 
room temperature, are responsible for the inhibition of the bac- 
terial proteinase, but have no effect on the inhibition of trypsin. 

Immune serum prepared by the injection of filtrates of C. 
histolyticum, smooth, into rabbits, inhibited the enzymes of this 


TABLE 3 


Inhibition of bacterial proteinase and trypsin by serum fractions 


ORIGINAL WHOLE 
ENZYME activiry| sEnum |422UMIN 8 8+ y 1+ A 4 


Trypsin 17 <1 <1 13 10 15 18 
C. histolyticum R- 13 <1 <1 1-14 7 13 


organism. Inhibition of the proteolytic enzymes of bacteria by 
immune sera has been reported by Bertiau (1914) for Pseudo- 
monas aeruginosa, Blane and Pozerski (1920) for C. histolyticum, 
Dukes (1922) for P. aeruginosa, and Grassmann (1938) for 
C. welchii. 

The inhibition of the proteinases of C. histolyticum was specific, 
the serum of the rabbit immunized to C. histolyticum inhibiting 
the proteinase of this organism, but not that of C. sporogenes, 
C. welchii, or even that of rough strains of C. histolyticum. This 
experiment was performed with antiserum which had stood suffi- 
ciently long in the cold to have lost its ability to inhibit the pro- 
teinases of the non-pathogenic organisms. 

The inhibiting factor in this serum was probably antibody, 
since it was associated with the globulins of the serum, being 
precipitated by half saturation with ammonium sulfate. It was 
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fairly stable, being present in practically full amount in serum 
which had been kept sterilely in the cold for over a year. 

Dukes considered that the inhibition of the enzymatic activity 
was not due to an antibody which inactivated the enzyme, but 
rather to a precipitin which removed the enzyme from solution, 
and consequently, from contact with the substrate. In our 
experiments with immune sera, no visible precipitate was ever 
formed. While this does not invalidate Dukes’ contention, 
nevertheless, the sharp specificity shown by the anti-enzyme sera 
indicates strongly that these enzymes are capable of acting as 
specific antigens, and of inducing the production of specific 
antibodies. 


SUMMARY 


1. The proteolytic activity of culture filtrates of various spore- 
forming anaerobes was determined by the gelatinase method of 
Haines, so modified as to permit the determination of gelatinase 
in solutions of widely differing enzymatic activity. 

2. Fresh, normal rabbit serum inhibited the proteinases of 
Clostridium aerofetidum, Clostridium botulinum, Clostridium fallaz, 
Clostridium putrificum, Clostridium sporogenes, and a rough 
strain of Clostridium histolyticum. The 8 globulin and albumin 
of the serum were responsible for this inhibition, the latter ac- 
counting for the most of it. Trypsin was inhibited only by the 
albumin. 

3. Normal serum did not inhibit the proteinases of Clostridium 
histolyticum, Clostridium oedematis-maligni, or Clostridium welchii. 

4. Immune serum specifically inhibited the proteinase of 
C. histolyticum. 


The authors wish to express their appreciation to Dr. Ellice 
McDonald, Director, for his interest and encouragement in this 
work. 
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BIOLOGICAL AND CHEMICAL STUDIES OF 
THE SeROLoGicaAL Tests UsEp IN 
THE D1aGNosis OF Sypuitis. Noble 
P. Sherwood, Glenn C. Bond, and 
Harold F. Clark, Department of Bac- 
teriology, University of Kansas, 
Lawrence. 

This investigation represents a num- 
ber of objectives as follows: (1) A 
study of the distribution of “‘reagin- 
like’ substances in the blood of beef, 
sheep, horse, rabbit, guinea pig, dog, 
hog, chicken, and snakes by means of 
routine Kolmer-Wassermann, Kahn, 
Kline, and a ‘‘wide-spread modification 
of the Kahn’”’ techniques. In the latter 
test standard Kahn antigen was used 
and ratios of serum to antigen varying 
from 100:1 to 0.19:1 were employed. 
The ratios used in the 3-tube Kahns 
were included in the series. Positive 
serological findings were obtained quite 
frequently with all species studied ex- 
cept the guinea pig. The Kolmer was 
less frequently positive than the floc- 
culation tests. (2) Using Howe's 
method of fractioning beef and horse 
serum it was ascertained that the 
“‘reagin-like’’ substance was present in 
either or both the euglobulin and 
pseudoglobulin I fractions and it was 
destroyed at about the same tempera- 
ture as syphilitic reagin. (3) When 
various animal sera and sera from un- 
treated and treated cases of syphilis 
were studied by means of the special 


flocculation technique to determine op- 
timum ratios or zones of flocculation, 
certain rather striking results were 
obtained: 

(1) In untreated cases of secondary 
syphilis where the reagin titre is high 
the optimum zone of flocculation was 
20:1 
In one case of untreated ter- 


not infrequently between and 
0.25:1. 
tiary syphilis it was between 6:1 and 
0.75:1. 
definite shift toward the higher ratios 
A few 


clinically cured ones were negative in 


In treated cases there was a 


and a narrowing of the zone 


all ratios while others that were nega- 
tive in the diagnostic ratios gave strong 


flocculation in higher ratios, i.e., 12:1 
(2) The zones of flocculation ob- 

served with animal sera resembled the 

ratios in many treated cases. This 

indicates a low titre of the ‘‘reagin- 

like’ substance. 

RESISTANCE OF RapBits TO LARVA! 


Cestopves. A. B. Leonard, Dept. of 

Zoology, University of Kansas 

Normal young rabbits were fed ap- 
proximately 2000 eggs of T'aenia pisi- 


formis, and the tissue responses in the 
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liver studied 
reaction occurs, resulting in the walling 


A typical inflammatory 


off of many of the larvae so completely 
that further development is impossible 

An equal group of rabbits was fed a 
similar dosage of eggs and at the same 
ml. of 


time given intravenously 55 
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serum taken from rabbits carrying a 
heavy infection of larval cestodes. 
The tissue response was studied as 
before. 

Results 
follows: 

1. In normal young rabbits, approxi- 
mately 500 larvae began development 
in the liver, the tissue reaction ac- 
counting for the death or definite in- 
hibition of growth in all but about a 
tenth of the total number. An average 
of 55 larvae per rabbit continued nor- 
mal development. 

2. In rabbits receiving the serum 
from infected rabbits, at the time of in- 
fection, an average of 50 larvae began 
development in the liver. Only an oc- 
casional larva was able to continue 
normal development. 

3. The tissue response in the normal 
rabbit results in walling off the larvae 
at the end of a period of 16 to 21 days. 
In immunized animals, the tissue re- 
sponse was greatly accelerated, and 
complete enclosure of the larvae was 
accomplished in 6 to 7 days. 


may be summarized as 


Tue INFLUENCE OF CERTAIN CHEMICAL 
SUBSTANCES UPON THE GROWTH OF 
LecumeE Bacreria. T. M. McCalla, 
Dept. of Bacteriology, Kansas State 
College, Manhattan, Kansas. 
Elucidation of the phenomena of 

growth stimulation of legume bacteria 

by various plant extracts is needed. 

Attempts at partial purification of 

plant extracts have resulted in a 

limited chemical characterization of 

the growth-stimulating substance. It 
is now known that definite chemical 
substances promote growth of certain 
bacteria. This study attempts to de- 


termine the value of some of these sub- 
stances upon the growth of legume 
bacteria. 

Additions of chlorophyll, indol buty- 
ric acid, pheny] lactic acid, indol lactic 
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acid, and nicotinic acid in concentra- 
tions of 1:1000 and 1:10,000 to calcium 
gluconate medium did not seem espe- 
cially beneficial to normal alfalfa or- 
ganisms as judged by the amount of 
growth produced on slants. Pimelic 
acid and B-alanine in concentration of 
1:100, 1:1000, and 1:10,000 stimulated 
growth of alfalfa organisms almost 
equal to that obtained by addition of 
various plant extracts. 


HETEROAUXIN PropucTIon By Roor 
Nopute Bacteria. Carl E. Georgi, 
Department of Bacteriology, Uni- 
versity of Nebraska, Lincoln, 
Nebraska. 

Differences in rate and amount of 
beta indol acetic acid produced by effi- 
cient and inefficient strains of rhizobia 
were determined, in an effort to demon- 
strate the significance which hetero- 
auxin may play in the formation of 
nodules in the roots of legumes. In- 
efficient strains, in some cross inocula- 
tion groups, were found to produce 
slightly more auxin than did corre- 
sponding efficient strains. A micro- 
organism commonly found in root 
nodules, Achromobacter radiobacter, pro- 
duced heteroauxin in concentrations 
greater than did the rhizobia, yet it is 
unable to incite nodule formation on 
legumes. 


TEMPERATURE RELATIONSHIPS OF SOME 
Common INTESTINAL Non-Sporv- 
LATING ANAEROBIC Bacteria. Keith 
H. Lewis, Department of Bacteri- 
ology, University of Nebraska, Lin- 
coln, Nebraska. 

Studies of the growth temperature 
relationships of 162 strains of non- 
sporulating, anaerobic, rod-shaped 
bacteria isolated from the intestinal 
tract show that the optimum for the 
entire group lies between 35° and 40°; 
the maximum falls slightly above or 
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below 45°; and the minimum growth 
temperature varies from 10° to 30°C. 
depending upon the type of strains 
used. 

The time required to kill these or- 
ganisms by exposure to 60°C. varies 
from less than five minutes to more 
than half an hour. In general, the 
gram-positive strains, except Bacteri- 
odes bifidus, are more resistant than the 
gram-negative types. 

Correlation of minimum growth tem- 
perature and thermal resistance with 
morphological, cultural and biochemi- 
cal characteristics suggests the desir- 
ability of utilizing these factors in the 
classification of this group. 


INVESTIGATIONS OF THE USE OF THE 
RESAZURIN TEsT FOR GRADING MILK. 
F. E. Nelson, Kansas State College. 
Of the four different brands of res- 

azurin compared, only two have been 
found to be suitable for use in the res- 
azurintest. The other two brands were 
abnormal with respect both to the ini- 
tial color imparted to the milk and the 
sequence of color changes during incu- 
bation. Standardization and probably 
certification of the dye is indicated. 

Using aseptically drawn milk sam- 
ples from individual quarters of cows in 
the Experiment Station herd, some cor- 
relation was found between the num- 
bers of leucocytes present and the se- 
quence of color changes of thedye. No 
correlation was found between the ob- 
served color changes of the dye and 
the presence of mastitis streptococci, 
as determined by either the Hotis test 
or the direct microscopic examina- 
tion of incubated aseptically drawn 
samples. 

When the resazurin test was used in 
the grading of market milk samples, 
the results indicated that a variety of 
factors were operative in determining 
the course of the reduction of the dye. 
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Three different ways of reading the test 
were used, the first being the color 
change at one hour, the second being 
the color change at three hours and the 
third being the time required for the 
dye to change to the pure pink stag: 
in its reduction. The standard plate 
counts, the direct microscopic counts 
and the leucocyte counts are used as 
criteria for evaluating the test. More 
standardization of the test is required 


A Report ON THE Hortis Test. V. D 
Foltz, Department of Bacteriology, 
Kansas State College 
In the routine control of mastitis in 

the dairy herd at the college, periodic 
examination within at least monthly 
intervals is made of each quarter of all 
cows. These quarter samples are col- 
lected under practically aseptic condi- 
tions. On the basis of microscopic ex- 
amination of incubated samples of this 
milk, the cows are grouped into three 
classes as follows: 

A Class: Supposedly free from mas- 
titis, leucocyte count consistently be- 
low 500,000 per ml.; no long-chained 
streptococc!. 

B Class: Suspicious or doubtful for 
mastitis; leucocyte count of one or 
more quarters consistently above 500- 
000 per ml. 

C Class: Supposedly positive for 
mastitis; leucocyte counts of the milk 
from or quarters 
though not necessarily above 500,000 
per ml.; long-chained streptoc occi ob- 


one more usually 


served upon microscopic examination 
of the milk from one or more quarters 
of the udder after incubation of the 
sample for 16 hours at 37°C 

Using the above procedure, the Hotis 
test has been run on duplicate quarter 
samples of milk. 
this test the microscopic examination 


In order to evaluate 


of incubated samples has been used as 


a basis of comparison. Some 7640 
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quarter samples have been studied of 
which 4672 were ‘“‘A’”’ cow quarter sam- 
ples, 1801 were “B’’ cow quarter sam- 
ples, and 1167 were “‘C’’ cow quarter 
samples. 

In the “A’’ cows 4 false positive 
Hotis tests were recorded in compari- 
son to 25 false positives in ‘‘B’’ class 
cows. In the “C’’ class group 67 false 
positive Hotis tests and 87 false nega- 
tive Hotis tests were observed. 

A study of these results shows that 
the Hotis test was in agreement with 
the microscopic examination in 97.6% 
of all tests. However, in a study of 
the results of the ‘‘C”’ class cows alone, 
which furnished 1167 of the 7640 quart- 
ers examined, a positive Hotis test was 
given in but 84.3% of those samples 
exhibiting long-chained streptococci on 
incubation. On the other hand, only 
89.1% of the samples which were nega- 
tive on the incubated samples were 
likewise negative for the Hotis test. 

In spite of these errors the Hotis 
test appears to be the most satisfactory 
of any test developed to date for 
the field diagnosis of streptococcus 
mastitis. 


Some SrupiEs ON SLOW-LACTOSE-FER- 
MENTING Bacteria. L. D. Bushnell, 
Department of Bacteriology, Kansas 
State College. 

During the study of certain para- 
typhoid infections in chickens we iso- 
lated numerous coliform organisms 
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giving acid and gas in glucose but no 
change in lactose within 48 hours and 
not agglutinated by any of the anti- 
paratyphoid sera. Such organisms are 
neither typical colon nor typical para- 
typhoids. They do not appear to 
be coli-aerogenes intermediates and 
should probably be classed as para- 
colon bacilli. 

These organisms were found to in- 
clude certain mutable types, which 
form secondary colonies, and others 
which appear to be similar but which 
are non-mutable. Both exhibit de- 
layed lactose fermentation. This char- 
acteristic delays their identification. 
Such organisms may be differentiated 
from the Salmonellas by use of tests 
for indol, HS and ability to grow rap- 
idly on Simmon’s citrate agar. The 
paracolon organisms which we have 
studied all produce indol, but none 
grow on citrate agar or produce H.S. 
None of the paratyphoids which have 
been isolated during this investigation 
produced indol but all grew rapidly 
on citrate agar and produced large 
amounts of H,S. 

It was not possible to correlate the 
presence of the paracolon group in the 
intestine of the chicken with any par- 
ticular type of disease but they seem 
to appear most frequently in certain 
flocks. Our investigations have not 
made it possible to explain the reason 
for their appearance under these 
conditions. 


CENTRAL PENNSYLVANIA BRANCH 


ANNUAL Sprina MEETING, Toe GILLILAND LABORATORIES, MARIETTA, Pa., 
May 13, 1939 


PLANT NUTRITION AND DisEasE ReE- 
sistaNcE. J. Naghski, R. G. Harris, 
D. E. Haley and J. J. Reid, The 
Pennsylvania Agricultural Experi- 
ment Station. 


A study has been made of the rela- 
tion between variations in the nitrogen 
/mineral uptake of plants and varia- 
tions in resistance to disease. It has 
been a common assumption that, other 
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things being equal, the higher the ni- 
trogen level of the plant, the greater 
the susceptibility of the plant to dis- 
ease. Data obtained by the authors 
indicates that this is not the true rela- 
tion between nitrogen uptake and 
disease susceptibility. 

The results indicate that it is not a 
question of how much nitrogen a plant 
absorbs within reasonable limits, that 
determines susceptibility, but the stage 
in the life of the plant when significant 
quantities of nitrogen are absorbed. 

Tobacco plants grown with adequate 
mineral fertilization may mature with 
a nitrogen content in excess of four per 
cent and show no significant loss in re- 
sistance to leafspot diseases if the 
nitrogen is supplied without material 
fluctuations during the stage of active 
growth. On the other hand it has been 
found that tobacco plants may show 
extreme susceptibility to leafspot dis- 
eases with a nitrogen content of less 
than two per cent, if the nitrogen is 
supplied erratically with significant 
amounts available during the ripening 
stage. 

It is considered inadvisable, there- 
fore, to employ fresh animal manure, 
old legume residues and other sources 
of nitrogen which may provide a fluc- 
tuating and late supply of this element 
in the fertilization of tobacco and other 
short season crops. 


DISSIMILATION OF GLUCOsE BY MeEm- 
BERS OF THE GEeNUs BaciLivus. F. H. 
Gallagher and R. W. Stone, The 
Pennsylvania State College. 
Studies were made of the dissimila- 

tion of glucose by Bacillus subtilis, 

Bacillus mesentericus, and Bacillus 

vulgatus. All species showed phos- 

phorylation in the early stages of fer- 
mentation. Analysis of the fermenta- 
tion showed the presence of acetic acid, 
butyric acid, ethyl alcohol, acetyl 
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methyl carbinol, and carbon-dioxide, 
in all cases 
determined quantitatively 

With M/50 sodium fluoride Bacillus 
subtilis showed a higher yield of acetic 
acid than that obtained in the control 
With M/25 sodium fluoride there was a 
further increase in the amount of acetic 


These compounds were 


acid formed, and a decrease in acety!- 
methylearbinol production. Bacillus 
vulgatus, in the presence of M/100 and 
M/50 sodium fluoride, and Bacillus 
mesentericus, in the presence of M/50 
sodium fluoride, gave similar results 

All three species gave comparative 
results as to phosphorylation, types of 
end products, and amounts of these 
products. 


THE PHOTOLOMETER AND Its UsE FoR 
THE QUANTITATIVE DETERMINATION 
or Nirrocen. Paul E. 
Gilliland Laboratories, Inc. 


Portne T, 


MICROORGANISMS ATTACKING MEpIUM 
Weicut Lusricatine Orns. A. G 
C. White and R. W. Stone, The 
Pennsylvania State College. 


THe RELATION OF THE SOLUBLE SPE- 
CIFIC SUBSTANCE TO VIRULENCE AND 
SpeciFiciry iN Bacteria LeEarspot 
Orcanisms. R. G. Harris, J. Nagh- 
ski, M.A. Farrell and J. J. Reid, The 
Pennsylvania Agricultural Experi- 
ment Station. 

Laboratory animals have been im- 
munized by the authors with cultures 
of Pseudomonas fluorescens and the cul- 
tures then cultivated in the presence of 
the homologous antiserum until ‘‘R”’ 
forms were secured. 
then immunized with the “R’’ forms 
and the “‘R’’ cultures were cultivated 
in the presence of the homologous anti- 
serum and killed cells of Phytomonas 
tabaci. ‘“‘S’’ forms were obtained in 
this manner which proved to be cul- 


Animals were 
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MISSOURI VALLEY BRANCH 


UNIVERSITY OF Kansas, LAWRENCE, DecEMBER 3, 1938 


BIOLOGICAL AND CHEMICAL STUDIES OF 
THE SEROLOGICAL Tests UsED IN 
THE DiaGNosis oF Sypuitis. Noble 
P. Sherwood, Glenn C. Bond, and 
Harold F. Clark, Department of Bac- 
teriology, University of Kansas, 
Lawrence. 

This investigation represents a num- 
ber of objectives as follows: (1) A 
study of the distribution of ‘‘reagin- 
like’ substances in the blood of beef, 
sheep, horse, rabbit, guinea pig, dog, 
hog, chicken, and snakes by means of 
routine Kolmer-Wassermann, Kahn, 
Kline, and a ‘‘wide-spread modification 
of the Kahn’’ techniques. In the latter 
test standard Kahn antigen was used 
and ratios of serum to antigen varying 
from 100:1 to 0.19:1 were employed. 
The ratios used in the 3-tube Kahns 
were included in the series. Positive 
serological findings were obtained quite 
frequently with all species studied ex- 
cept the guinea pig. The Kolmer was 
less frequently positive than the floc- 
culation tests. (2) Using Howe's 
method of fractioning beef and horse 
serum it was ascertained that the 
“reagin-like’’ substance was present in 
either or both the euglobulin and 
pseudoglobulin I fractions and it was 
destroyed at about the same tempera- 
ture as syphilitic reagin. (3) When 
various animal sera and sera from un- 
treated and treated cases of syphilis 
were studied by means of the special 


flocculation technique to determine op- 
timum ratios or zones of flocculation, 
certain rather striking results were 
obtained: 

(1) In untreated cases of secondary 
syphilis where the reagin titre is high 
the optimum zone of flocculation was 
not infrequently 20:1 
0.25:1. In one case of untreated ter- 
tiary syphilis it was between 6:1 and 
0.75:1. In treated cases there was a 
definite shift toward the higher ratios 
and a narrowing of the zone. A few 
clinically cured ones were negative in 
all ratios while others that were nega- 
tive in the diagnostic ratios gave strong 
flocculation in higher ratios, i.e., 12:1. 

(2) The of flocculation 
served with animal sera resembled the 
ratios in This 
indicates a low titre of the ‘‘reagin- 
like’ substance. 


between and 


zones ob- 


many treated cases. 


RESISTANCE OF RaBBits TO LARVAL 
Cestopes. A. B. Leonard, Dept. of 
Zoology, University of Kansas. 
Normal young rabbits were fed ap- 

proximately 2000 eggs of Taenia pisi- 


formis, and the tissue responses in the 
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liver studied. A typical inflammatory 
reaction occurs, resulting in the walling 
off of many of the larvae so completely 
that further development is impossible 

An equal group of rabbits was fed a 
similar dosage of eggs and at the same 
time given intravenously 55 ml. of 
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serum taken from rabbits carrying a 
heavy infection of larval cestodes. 
The tissue response was studied as 
before. 

Results may be 
follows: 

1. In normal young rabbits, approxi- 
mately 500 larvae began development 
in the liver, the tissue reaction ac- 
counting for the death or definite in- 
hibition of growth in all but about a 
tenth of the total number. An average 
of 55 larvae per rabbit continued nor- 
mal development. 

2. In rabbits receiving the serum 
from infected rabbits, at the time of in- 
fection, an average of 50 larvae began 
development in the liver. Only an oc- 
casional larva was able to continue 
normal development. 

3. The tissue response in the normal 
rabbit results in walling off the larvae 
at the end of a period of 16 to 21 days. 
In immunized animals, the tissue re- 
sponse was greatly accelerated, and 
complete enclosure of the larvae was 
accomplished in 6 to 7 days. 


summarized as 


Tue INFLUENCE oF CERTAIN CHEMICAL 
SUBSTANCES UPON THE GROWTH OF 
LecumeE Bacteria. 7. M. McCalla, 
Dept. of Bacteriology, Kansas State 
College, Manhattan, Kansas. 
Elucidation of the phenomena of 

growth stimulation of legume bacteria 

by various plant extracts is needed. 

Attempts at partial purification of 

plant extracts have resulted in a 

limited chemical characterization of 

the growth-stimulating substance. It 
is now known that definite chemical 
substances promote growth of certain 
bacteria. This study attempts to de- 


termine the value of some of these sub- 
stances upon the growth of legume 
bacteria. 

Additions of chlorophyll, indol buty- 
ric acid, phenyl lactic acid, indol lactic 


LOCAL BRANCHES 


acid, and nicotinic acid in concentra- 
tions of 1:1000 and 1:10,000 to calcium 
gluconate medium did not seem espe- 
cially beneficial to normal alfalfa or- 
ganisms as judged by the amount of 
growth produced on slants. Pimelic 
acid and B-alanine in concentration of 
1:100, 1:1000, and 1:10,000 stimulated 
growth of alfalfa organisms almost 
equal to that obtained by addition of 
various plant extracts. 


HETEROAUXIN Propuction By Roor 
Nopute Bacteria. Carl E. Georgi, 
Department of Bacteriology, Uni- 
versity of Nebraska, Lincoln, 
Nebraska. 

Differences in rate and amount of 
beta indol acetic acid produced by effi- 
cient and inefficient strains of rhizobia 
were determined, in an effort to demon- 
strate the significance which hetero- 
auxin may play in the formation of 
nodules in the roots of legumes. In- 
efficient strains, in some cross inocula- 
tion groups, were found to produce 
slightly more auxin than did corre- 
sponding efficient strains. A micro- 
organism commonly found in root 
nodules, Achromobacter radiobacter, pro- 
duced heteroauxin in concentrations 
greater than did the rhizobia, yet it is 
unable to incite nodule formation on 
legumes. 


TEMPERATURE RELATIONSHIPS OF SOME 
Common INTESTINAL Non-Sporv- 
LATING ANAEROBIC Bacteria. Keith 
H. Lewis, Department of Bacteri- 
ology, University of Nebraska, Lin- 
coln, Nebraska. 

Studies of the growth temperature 
relationships of 162 strains of non- 
sporulating, anaerobic, rod-shaped 
bacteria isolated from the intestinal 
tract show that the optimum for the 
entire group lies between 35° and 40°; 
the maximum falls slightly above or 
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below 45°; and the minimum growth 
temperature varies from 10° to 30°C. 
depending upon the type of strains 
used. 

The time required to kill these or- 
ganisms by exposure to 60°C. varies 
from less than five minutes to more 
than half an hour. In general, the 
gram-positive strains, except Bacteri- 
odes bifidus, are more resistant than the 
gram-negative types. 

Correlation of minimum growth tem- 
perature and thermal resistance with 
morphological, cultural and biochemi- 
cal characteristics suggests the desir- 
ability of utilizing these factors in the 
classification of this group. 


INVESTIGATIONS OF THE USE OF THE 
RESAZURIN TEST FOR GRADING MILK. 
F. E. Nelson, Kansas State College. 
Of the four different brands of res- 

azurin compared, only two have been 
found to be suitable for use in the res- 
azurintest. The other two brands were 
abnormal with respect both to the ini- 
tial color imparted to the milk and the 
sequence of color changes during incu- 
bation. Standardization and probably 
certification of the dye is indicated. 

Using aseptically drawn milk sam- 
ples from individual quarters of cows in 
the Experiment Station herd, some cor- 
relation was found between the num- 
bers of leucocytes present and the se- 
quence of color changes of the dye. No 
correlation was found between the ob- 
served color changes of the dye and 
the presence of mastitis streptococci, 
as determined by either the Hotis test 
or the direct microscopic examina- 
tion of incubated aseptically drawn 
samples. 

When the resazurin test was used in 
the grading of market milk samples, 
the results indicated that a variety of 
factors were operative in determining 
the course of the reduction of the dye. 
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Three different ways of reading the test 
were used, the first being the color 
change at one hour, the second being 
the color change at three hours and the 
third being the time required for the 
dye to change to the pure pink stage 
in its reduction. The standard plate 
counts, the direct microscopic counts 
and the leucocyte counts are used as 
criteria for evaluating the test. More 


standardization of the test is required 


A Report oN THE Horis Tesr. V. D. 
Foliz, Department of Bacteriology, 
Kansas State College. 

In the routine control of mastitis in 
the dairy herd at the college, periodic 
examination within at least monthly 
intervals is made of each quarter of all 
cows. These quarter samples are col- 
lected under practically aseptic condi- 
tions. On the basis of microscopic ex- 
amination of incubated samples of this 
milk, the cows are grouped into three 
classes as follows: 

A Class: Supposedly free from mas- 
titis, leucocyte count consistently be- 
low 500,000 per ml.; no long-chained 
streptococci. 

B Class: Suspicious or doubtful for 
mastitis; leucocyte count of one or 
more quarters consistently above 500- 
000 per ml. 

C Class: Supposedly positive for 
mastitis; leucocyte counts of the milk 
from one or more quarters usually 
though not necessarily above 500,000 
per ml.; long-chained streptococci ob- 
served upon microscopic examination 
of the milk from one or more quarters 
of the udder after incubation of the 
sample for 16 hours at 37°C. 

Using the above procedure, the Hotis 
test has been run on duplicate quarter 
samples of milk. In order to evaluate 
this test the microscopic examination 
of incubated samples has been used as 
a basis of comparison. Some 7640 
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quarter samples have been studied of 
which 4672 were ‘‘A’’ cow quarter sam- 
ples, 1801 were ‘‘B”’ cow quarter sam- 
ples, and 1167 were “‘C’’ cow quarter 
samples. 

In the “A’’ cows 4 false positive 
Hotis tests were recorded in compari- 
son to 25 false positives in ‘‘B’’ class 
cows. In the ‘‘C’’ class group 67 false 
positive Hotis tests and 87 false nega- 
tive Hotis tests were observed. 

A study of these results shows that 
the Hotis test was in agreement with 
the microscopic examination in 97.6% 
of all tests. However, in a study of 
the results of the ‘‘C’”’ class cows alone, 
which furnished 1167 of the 7640 quart- 
ers examined, a positive Hotis test was 
given in but 84.3% of those samples 
exhibiting long-chained streptococci on 
incubation. On the other hand, only 
89.1% of the samples which were nega- 
tive on the incubated samples were 
likewise negative for the Hotis test. 

In spite of these errors the Hotis 
test appears to be the most satisfactory 
of any test developed to date for 
the field diagnosis of streptococcus 
mastitis. 


Some Srupiges on SLOW-LACTOSE-FER- 
MENTING Bacteria. L. D. Bushnell, 
Department of Bacteriology, Kansas 
State College. 

During the study of certain para- 
typhoid infections in chickens we iso- 
lated numerous coliform organisms 
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giving acid and gas in glucose but no 
change in lactose within 48 hours and 
not agglutinated by any of the anti- 
paratyphoid sera. Such organisms are 
neither typical colon nor typical para- 
typhoids. They do not appear to 
be coli-aerogenes intermediates and 
should probably be classed as para- 
colon bacilli. 

These organisms were found to in- 
clude certain mutable types, which 
form secondary colonies, and others 
which appear to be similar but which 
are non-mutable. Both exhibit de- 
layed lactose fermentation. This char- 
acteristic delays their identification. 
Such organisms may be differentiated 
from the Salmonellas by use of tests 
for indol, H.S and ability to grow rap- 
idly on Simmon’s citrate agar. The 
paracolon organisms which we have 
studied all produce indol, but none 
grow on citrate agar or produce H,S. 
None of the paratyphoids which have 
been isolated during this investigation 
produced indol but all grew rapidly 
on citrate agar and produced large 
amounts of H,S. 

It was not possible to correlate the 
presence of the paracolon group in the 
intestine of the chicken with any par- 
ticular type of disease but they seem 
to appear most frequently in certain 
flocks. Our investigations have not 
made it possible to explain the reason 
for their appearance under these 
conditions. 


CENTRAL PENNSYLVANIA BRANCH 


ANNUAL Spring Meetine, Tue GILLItAND LABORATORIES, MARIETTA, Pa., 
May 13, 1939 


PLANT NUTRITION AND DisEaAsE ReE- 
sistance. J. Naghski, R. G. Harris, 
D. E. Haley and J. J. Reid, The 
Pennsylvania Agricultural Experi- 
ment Station. 


A study has been made of the rela- 
tion between variations in the nitrogen 
/mineral uptake of plants and varia- 
tions in resistance to disease. It has 


been a common assumption that, other 
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things being equal, the higher the ni- 
trogen level of the plant, the greater 
the susceptibility of the plant to dis- 
ease. Data obtained by the authors 
indicates that this is not the true rela- 
tion between nitrogen uptake and 
disease susceptibility. 

The results indicate that it is not a 
question of how much nitrogen a plant 
absorbs within reasonable limits, that 
determines susceptibility, but the stage 
in the life of the plant when significant 
quantities of nitrogen are absorbed. 

Tobacco plants grown with adequate 
mineral fertilization may mature with 
a nitrogen content in excess of four per 
cent and show no significant loss in re- 
sistance to leafspot diseases if the 
nitrogen is supplied without material 
fluctuations during the stage of active 
growth. On the other hand it has been 
found that tobacco plants may show 
extreme susceptibility to leafspot dis- 
eases with a nitrogen content of less 
than two per cent, if the nitrogen is 
supplied erratically with significant 
amounts available during the ripening 
stage. 

It is considered inadvisable, there- 
fore, to employ fresh animal manure, 
old legume residues and other sources 
of nitrogen which may provide a fluc- 
tuating and late supply of this element 
in the fertilization of tobacco and other 
short season crops. 


DIssIMILATION OF GLUCOSE BY MEm- 
BERS OF THE Genus Baci.uvus. F. H. 
Gallagher and R. W. Stone, The 
Pennsylvania State College. 
Studies were made of the dissimila- 

tion of glucose by Bacillus subtilis, 

Bacillus mesentericus, and Bacillus 

vulgatus. All species showed phos- 

phorylation in the early stages of fer- 
mentation. Analysis of the fermenta- 
tion showed the presence of acetic acid, 
butyric acid, ethyl alcohol, acetyl 
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methyl carbinol, and carbon-dioxide, 
in all cases. 
determined quantitatively. 

With M/50 sodium fluoride Bacillus 
subtilis showed a higher yield of acetic 
acid than that obtained in the control 
With M/25 sodium fluoride there was a 
further increase in the amount of acetic 
acid formed, and a decrease in acetyl- 
methylearbinol production. Bacillus 
vulgatus, in the presence of M/100 and 
M/50 sodium fluoride, and Bacillus 
mesentericus, in the presence of M/50 


These compounds were 


sodium fluoride, gave similar results 

All three species gave comparative 
results as to phosphorylation, types of 
end products, and amounts of these 
products. 


THE PHOTOLOMETER AND Its UsE FOR 
THE QUANTITATIVE DETERMINATION 
or NirrocGen. Paul E. 
Gilliland Laboratories, Inc. 


Portne T, 


MICROORGANISMS ATTACKING MEpDIUM 
Weicut Lupricatine Ors. A. G. 
C. White and R. W. The 
Pennsylvania State College. 


Stone, 


Tue RELATION OF THE SOLUBLE Spe- 
ciFIc SUBSTANCE TO VIRULENCE AND 
SpEcIFICITY IN BacTeRIAL LEAFSPOT 
Orcanisms. R. G. Harris, J. Nagh- 
ski, M.A. Farrell and J. J. Reid, The 
Pennsylvania Agricultural 
ment Station. 

Laboratory animals have been im- 
munized by the authors with cultures 
of Pseudomonas fluorescens and the cul- 
tures then cultivated in the presence of 
the homologous antiserum until ‘‘R’’ 
forms were secured. Animals 
then immunized with the “R’’ forms 
and the “‘R’’ cultures were cultivated 
in the presence of the homologous anti- 
serum and killed cells of Phytomonas 
tabaci. ‘“‘S’’ forms were obtained in 
this manner which proved to be cul- 


Experi- 


were 
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turally and serologically identical with 
strains of Phyt. tabaci. Studies of in- 
fective ability showed these ‘‘S’’ forms 
to be identical with Phyt. tabaci in the 
nature of the lesion produced on the 
tobacco plant. 

In a similar manner ‘‘R’’ forms of 
Phyt. tabaci were secured and culti- 
vated in the presence of the homolo- 
gous antiserum and killed cells of Ps. 
fluorescens. The ‘‘S’’ forms produced 
in this manner were culturally and 
serologically identical with the strains 
of Ps. fluorescens which had been killed 
and used in the culture medium. 
These ‘‘S’’ forms were unable to pro- 
duce wildfire as proved by infective 
studies. 

Agglutinin absorption studies 
showed the ‘‘R’’ strains produced from 
Ps. fluorescens and Phyt. tabaci to be 
serologically identical. 

Work with several other members of 
the genus Phytomonas, including Phyt. 
angulata, Phyt. cerasit, Phyt. primulae, 
and Phyt. vignae, showed the same re- 
lationship to exist between these or- 
ganisms and Ps. fluorescens. 

It is concluded that specificity and 
virulence are associated with the na- 
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ture of the soluble specific substance in 
this group of organisms. 


Some Errects oF SULFAPYRIDINE ON 
Pnevumococcus Type I. Roger D. 
Reid, Laboratories of Bacteriology, 
Johns Hopkins Medical School, 
Baltimore. 

In vitro and in vivo experiments with 
the pneumococcus Type I in the pres- 
ence of sulfapyridine indicated that the 
drug had no appreciable effect on the 
phagocytosis of pneumococci. There 
were no changes in morphology or so- 
matic elements of the cell observed. 
No dissociation or changes in colony 
appearance were detected after grow- 
ing the organisms in the presence of 10 
mgm. % of the drug or when the drug 
was added to the medium used for plat- 
ing the organisms. The drug did not 
affect the capsule either in vivo or in 
vitro and the “‘quellung’”’ reaction was 
not interfered with. 

A bacteriostatic and slight bacteri- 
cidal effect was noted and it is presumed 
that the bacteriostatic action is re- 
sponsible for the beneficial effects of 
the drug in pneumococcus infection. 


OHIO BRANCH 


Onto State University, Cotumsus, May 27, 1939 


SULFAPYRIDINE, SULFANILAMIDE AND 


ANTISERUM IN THE ‘TREATMENT 
or EXPERIMENTAL PNEUMOCOCCUS 
Pneumonia. L. H. Schmidt and 


Carolyn Hilles, The Christ Hospital 

Research Institute and the Depart- 

ment of Biochemistry, College of 

Medicine, University of Cincinnati, 

Cincinnati. 

Rats were infected with types I or 
II Diplococcus pneumoniae by intra- 
bronchial inoculation. At varying in- 


tervals after infection groups of these 


animals were treated with sulfapyri- 
dine, sulfanilamide or antipneumococ- 
cus serum. These treatments were 
repeated at daily intervals for 7 days; 
surviving animals were sacrificed 14 
days after infection. 

In both types I and II infections 
sulfapyridine, sulfanilamide and anti- 
serum had marked curative action 
when administered 6 and 12 hours after 
infection. In type I infections the 
three therapeutic agents seemed to be 
equally effective; in type II infections 
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sulfanilamide and sulfapyridine were 
slightly more effective than antiserum. 
Sulfanilamide, sulfapyridine and an- 
tiserum had considerable curative ac- 
tion when administered as long as 24 
hours after infection, although their 
effectiveness was considerably less at 
this time than at 12 hours. In type I 
infections the curative action of anti- 
serum was greater than that of either 
sulfapyridine or sulfanilamide, which 
were equal in effectiveness. The re- 
sults in type II infections were in con- 
trast to this, for sulfanilamide had a 
much greater curative action than 
either antiserum or sulfapyridine. 


CompPLicaTions FoLLowina SuLFapPy- 
RIDINE THERAPY IN EXPERIMENTAL 
Antmats. John A. Toomey, Herbert 
S. Reichle and William S. Takacs, 
Division of Contagious Diseases, 
City Hospital, Cleveland and the 
Department of Pediatrics, Western 
Reserve University, Cleveland. 
Complications of the urinary tract 

resulted from sulfapyridine therapy 

given Rhesus monkeys which had been 
injected with poliomyelitis virus and 
treated with specific horse antiserum. 

These complications were hydrone- 

phrosis and dilatation of the urinary 

bladder due to the formation of sul- 
fapyridine crystals arranged as calculi 
in the ureters and urethra. 

Some of the animals thus treated 
with sulfapyridine and specific serum 
developed quadriplegia sooner than did 
the controls. Since retention is often 
observed in animals infected with 
poliomyelitis, the obstruction due to 
sulfapyridine may increase the absorp- 
tion of poliomyelitis virus. 


ADMINISTRATION OF RaBBIT ANTI- 
PNEUMOCOCCAL SERUM IN RELATION 
To Human Bioop Groups. E£. E. 
Ecker, Institute of Pathology, West- 
ern Reserve University, Cleveland. 
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Errects or Liratum CHLORIDE ON THE 
VARIATION, GROWTH, AND OXYGEN 
CONSUMPTION OF ESCHERICHIA COM- 
MUNIOR. Louis V. Blubaugh, The 
William 8S. Merrell Company, Cin- 
cinnati. 


Tue Errects or X-Rays on THE Dis- 
SOCIATIVE Rates OF CERTAIN Bac- 
TERIA. Sol. Haberman and Louis D 
Ellsworth, Departments of Bacteriol- 
ogy and Physics, Ohio State Uni- 
versity, Columbus. 

Broth cultures and water suspensions 
of Staphylococcus aureus and Serratia 
marcescens were exposed to the emana- 
tions from copper and molybdenum 
x-ray tubes. The cells were then 
transferred to fresh nutrient broth and 
incubated. 
cultures were streaked on nutrient agar 
plates and the types and numbers of 
variants were observed. 

The treated cells had a tendency to 
produce a larger number and variety 
of variant forms than untreated con- 
trols. Furthermore, some of the disso- 
ciants isolated from treated 
showed a marked ability to produce 
further dissociations in relatively short 
periods of time. Some of the colonial 
forms resulting from irradiated cul- 
tures were found also in the controls 
Cultures of Staphylococcus aureus that 
had never been exposed to gelatin, 
mannite, lactose, raffinose and salicin, 
and could not attack them with de- 
tectable changes, produced variants 
that were able to utilize these sub- 
stances as foods. 

On rare occasions, irradiated staphy- 
lococcus cells resulted in streptococcus- 
like forms which appeared in the cul- 
tures within 18 hours after x-ray treat- 
ment. The chains were composed of 
oval pairs of cells, often numbering 
over 100 to each chain. 

Exposure to x-rays speeds up the 
rate of dissociation and hence is a 


From time to time the 


cells 
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valuable tool in the study of bacterial 
inheritance. 


Lune CHANGES IN THE GUINEA Pica 
Fetus INFECTED WITH THE HUMAN 
InFLUENZA Virus. N. Paul Hudson 
and F. W. Gallagher, Department of 
Bacteriology, Ohio State University, 
Columbus. 


An Arrempt TO IpEenTIFY CULTURES 
oF SHIGELLA PARADYSENTERIAE 
Usinc Speciatty Preparep Sera. 
Barbara Johnson and Merlin L. 
Cooper, Children’s Hospital Research 
Foundation and the Department of 
Pediatrics, University of Cincinnati, 
Cincinnati. 

Rabbit agglutinating sera were pre- 
pared against 3 strains of Shigella 
paradysenteriae isolated from the stools 
of infants and children in Cincinnati 
during the summer of 1937. Agglu- 
tinating antigens were also prepared 
choosing 7 strains of Shigella paradys- 
enteriae isolated in the same summer. 
In the study of the diarrhea patients in 
the summer of 1938 the stools of 101 
out of 207 patients were found to con- 
tain organisms belonging culturally to 
the Shigella paradysenteriae group. . In 
63 cases the patients’ organisms were 
agglutinated by one of the prepared 
antisera. In 37 cases the patients’ sera 
agglutinated one or more of the pre- 
pared antigens to a titer of at least 1:80 
and in 41 cases the patients’ sera agglu- 
tinated their own organisms to at least 
that titer. The patients’ sera con- 
tained the largest amount of agglu- 
tinins for both their own and the pre- 
pared antigens during the second, 
third, and fourth weeks after onset of 
the diarrhea. 

It was found that the serological type 
of the patients’ sera and the Shigella 
paradysenteriae isolated from the same 
patient were often the same. 
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An AccipentaL Lasoratory INFEc- 
TION WITH SHIGELLA DYSENTERIAE 
(Suica). Oram C. Woolpert and 
Homer F. Marsh, Departments of 
Bacteriology and Medicine, Ohio 
State University, Columbus. 

A case is presented concerning an 
infection in a student resulting from a 
laboratory accident during the injec- 
tion of a rabbit with a living culture of 
Shigella dysenteriae (Shiga). 

The organism had been isolated from 
a case of dysentery only three months 
previously. 

The precise time of exposure was 
known; the onset of symptoms estab- 
lished the incubation time at almost 
exactly 48 hours. 

Cultural examination of the stools on 
the first, second, and seventh days of 
hospitalization yielded almost pure 
growths of Shigella dysenteriae. 

The organism was also identified 
serologically within 24 hours of the 
patient’s admission by utilizing the 
culture obtained directly from the first 
plates and antiserum prepared by the 
student for the very strain to which he 
was exposed. 

Serologic studies of the patient’s 
serum showed that until the thirty- 
eighth day after exposure, no agglu- 
tinins were present for Shigella dysen- 
teriae. The titer at 38 days was 1:80. 
No agglutinins were demonstrated for 
Shigella paradysenteriae (Flexner) in 
control tests. 

Apparently, this is the first recorded 
case of dysentery due to Shigella dysen- 
teriae resulting from a laboratory in- 
fection. 


CORRELATION OF THE Scuick TEST AND 
THE BLoop Serum ANTITOXIN (D1PH- 
THERIA) IN Scartet Fever Pa- 
TIENTS. Carl E. Duffy, Children’s 


Hospital’ Research ‘Foundation and 
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the Department of Pediatrics, Uni- 

versity of Cincinnati, Cincinnati. 

Twenty-two scarlet fever patients, 
ranging in age from 2 to 13 years, were 
studied in an attempt to correlate the 
diphtheria antitoxin content of their 
sera with the Schick test. Eight or 36 
per cent were Schick positive and none 
of these had as much as 0.002 unit of 
antitoxin per milliliter of serum. 
Fourteen or 64 per cent were Schick 
negative and all except 1 had more than 
0.002 unit of antitoxin per milliliter of 
serum. 

An attempt to evaluate the antitoxin 
directly by injecting intradermally a 
constant increment (1:50 M.u.p.) of 
toxin at three day intervals gave nega- 
tive results except in three patients. 
These patients had low serum antitoxin 
values and gave reactions to more toxin 
than that contained in the ordinary 
Schick test dose. 


Tue Errecr oF THE ADDITION OF 
HETEROPHILE ANTIGEN ON THE Im- 
MUNOLOGIC PROPERTIES OF SERA OF 
RasBits INJECTED WITH DrIPLococ- 
cus PngeumoniaE. Sol Miller and 
D. Frank Holtman, Department of 
Bacteriology, Ohio State University, 
Columbus. 

Bailey and Shorb reported the re- 
sults of mouse protection tests which 
indicated that the protective proper- 
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ties of antipneumococcic sera may be 
increased from 4 to8 times when the spe- 
cific sera are combined with heterophile 
serum. Although mice are members of 
the ‘‘guinea pig’ group, Hyde showed 
that they are relatively non-susceptible 
to large amounts of heterophile anti- 
body. 

Three groups of rabbits were im- 
munized during the present investiga- 
tion. One group was injected with 
pneumococcus type III, another with 
heterophile antigen in the form of horse 
serum, and a third with pneumococcus 
type III and horse serum. 

Antisera thus induced were tested 
for demonstrable antibodies and for 
protection of mice infected with pneu- 
mococcus types I, II or III. 

Sera containing pneumococcus type 
III antibody alone, or a mixture of 
pneumococcus type III and hetero- 
phile antibodies, protected mice 
against the specific organism, but failed 
to protect against types I and II in- 
fections. Heterophile antibody, as 
induced by rabbit injection of horse 
serum, gave no protection to mice 
against infection with any of the three 
types. The addition of sera, contain- 
ing heterophile antibody alone, to sera 
containing pneumococcus type III 
antibody did not increase the pro- 
tective action of the antipneumococcic 
sera for mice. 


EASTERN NEW YORK BRANCH 


Division OF LABORATORIES AND 


Srupres on Mucorp VaRIANTs OF Es- 
cHERICHIA Court. Carl A. Lawrence, 
Research Laboratories, Winthrop 
Chemical Company, Inc. Rensselaer, 
eh £ 
A strain of Escherichia coli is de- 

scribed which develops on agar plates 

as true rough colony forms when incu- 


Resgearcu, ALBANY, May 26, 1939 


bated in the hot room (37°C.), which, 
upon subsequent storage of the plates 
at room temperature, gives rise to 
mucoid outcroppings and borders sur- 
rounding the periphery of the parent 
R colonies. Transplants of material 
from the mucoid areas to freshly 
poured agar plates with incubation at 
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the lower temperature, resulted in the 
development of pure mucoid colonies. 
Similar plates placed at 37°C. give rise 
to colonies which are not grossly unlike 
the parent (R) forms. 

The mucoid variant develops on cer- 
tain differential media as a profuse, 
striated, moist mucoid growth which 
proliferates to the extent where it will 
eventually cover the entire plate. The 
media giving rise to this profuse type of 
growth contain but 1 per cent agar. 

The presence of a carbohydrate, low 
concentration of agar in the media, 
and a relatively low temperature (23°- 
26°C.) are necessary for the growth of 
the mucoid colony type in the profuse 
striated form. 

The purified carbohydrate material 
isolated from the profuse mucoid type 
of growth does not exhibit the proper- 
ties usually associated with a haptene. 
The substance has been obtained en- 
tirely free of any demonstrable traces 
of nitrogen. 


THE QUANTITATIVE DETERMINATION 
OF THE OptiMaL Ratio or CHOLEs- 
TEROL TO TissuE EXTRACT IN THE 
CoMPLEMENT-FIXATION TEST FOR 
Sypuiutis. John Kent, Division of 
Laboratories and Research, New 
York State Department of Health, 
Albany. 

A linear relation between syphilitic 
serum and complement is observed 
when antigen is present in optimal con- 
centrations. This relation has been 
used as a quantitative measure of 
changes in antigen activity due to 
variation in the ratio, cholesterol to 
extract. To portions of extract un- 


diluted and diluted in 1, 2, and 3 parts 
of alcohol, cholesterol was added in 
amounts between 0.1 and 1.0 per cent. 
Anticomplementary and _ nonspecific 
properties were minimal. 
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With increase to an optimum in the 
ratio, cholesterol to extract, increase to 
maximum antigenic activity was ob- 
served. Further increase resulted in 
identical or diminished activity. 

Maximum activity exhibited by cho- 
lesterol and extract in optimal ratio 
was identical whether extract was di- 
luted in 1, 2, or 3 parts of alcohol before 
cholesterolization. With undiluted 
extract, increase in the ratio within 
the range of cholesterol solubility re- 
sulted in increased activity; since cho- 
lesterol in larger amounts was in- 
soluble, an optimal ratio could not be 
determined. Failure of previous in- 
vestigators to demonstrate an optimal 
ratio may be traced to (1) unsatisfac- 
tory extracts which, with cholestero! 
in high concentrations, exhibited anti- 
complementary or nonspecific activity, 
or (2) failure to use extracts in concen- 
trations in which an optimal ratio, 
cholesterol to extract, might be demon- 
strated. 


CHANGES IN THE OxipaTION-REDUc- 
TION POTENTIALS OF THE SKIN OF 
Guinea Pics on A ScCORBUTIGENIC 
Diet. Calvin C. Torrance, Division 
of Laboratories and Research, New 
York State Department of Health, 
Albany. 

It has been shown that following the 
injection of lethal doses of diphtheria 
toxin the ascorbic-acid concentration 
of the suprarenal glands of guinea pigs 
is markedly diminished. Similarly, 
the vitamin-C concentration of the skin 
is reduced when inflammatory lesions 
are induced in it by either diphtheria 
toxin or heat. Changes in the oxida- 
tion-reduction potentials of the skin 
occur under both conditions. In order 
to obtain data on the interrelationship 
of these changes, guinea pigs were 
placed on a scorbutigenic diet.. The 
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ascorbic-acid concentration and Eh of 
the skin and the amount of ascorbic 
acid in the suprarenals were deter- 
mined by sacrificing animals at inter- 
vals for a period of twenty-seven days. 
While there appeared to be a close par- 
allelism between the vitamin-C con- 
centration of the suprarenals and of 
the skin, no constant relationship be- 
tween the amount of the vitamin C 
present and the oxidation-reduction 
potentials of the skin was demon- 
strated. 


SurRvIVAL oF Gonococc! In COLLODION 
Sacs IN Rassits. A. H. Harris, 
Division of Laboratories and Re- 
search, New York State Department 
of Health, Albany. 

In this study the stock strain of 
gonococcus used was isolated from a 
case of ophthalmia neonatorum. It 
will grow at 39°C. The growth from a 
48-hour slant, suspended in 50 ml. of 
human ascitic fluid, filled 12 sacs of 
10.3-per-cent collodion (J. Bact., in 
press; J. Bact., 1939, 37, 229). Six 
were introduced into the peritoneal 
cavity of a rabbit. Six were dropped 
into tubes of beef-infusion broth. Of 
the latter, three were incubated at 
34°C. and three at 39°C.; in some, the 
microorganisms grew through the sac 
walls and multiplied in the surrounding 
broth. 

The rabbit remained afebrile. 
Weekly quantitative complement-fixa- 
tion tests using gonococcus antigen 
revealed only a very slight rise in 
serum titer by the end of thirty-eight 
days when the experiment was ended. 
The in vivo sacs were found wrapped 
in folds of omentum and covered with 
fibrin which when cultured yielded no 
growth. Microscopic examination of 
slide preparation showed blood cells, 
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mostly macrophages, enmeshed in the 
strands. The sacs contained turbid 
fluid; films revealed debris and less 
than one typical diplococcus per oil- 
immersion field, but no fibrin or blood 
cells, even in the centrifugalized sedi- 
ments. The latter were introduced 
into the conjunctival sacs of a rabbit; 
no detectable reaction occurred. The 
contents of the 6 in vivo sacs yielded on 
subculture a luxuriant pure culture of 
gonococci, confirmed by carbohydrate 
fermentation. The results are in ac- 
cord with those of deChristmas (Ann 
inst. Pasteur, 1897, 11, 609). 


THe Activity AGainst Type-VIII 
PNEUMOcoccUS OF AN ENzYME Pro- 
DUCED BY A Sor, MICROORGANISM 
Grown on Type-III Po rysaccna- 
RIDE. Grace M. Sickles and Myrtle 
Shaw, Division of Laboratories and 
Research, New York State Depart- 
ment of Health, Albany. 

A soil microorganism has been iso- 
lated which closely resembles in mor- 
phology and cultural characters our 
previously described strains of hede 
bacillus palustris. The earlier strains 
were highly specific in their activities, 
one utilizing type-III, the other type- 
VIII pneumococcal carbohydrate only, 
but the new strain decomposes both 
types III and VIII polysaccharides. 

In mineral rsedium containing type- 
III pneumocwceal polysaccharide, it 
produces enzymes active against pneu- 
mococcal carbohydrates types III and 
VIII. Much of the antitype-III ac- 
tivity is lost in Berkefeld filtration; 
the antitype-VIII enzyme is freely 
filterable. Such enzyme preparations 
concentrated on a 64-per-cent nitro- 
cellulose membrane proved to have a 
high protective value against type- 
VIII pneumococcal infections in mice 
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If grown on type-VIII carbohydrate, 
it produces only an antitype-VIII 
enzyme. 

When a filtered antitype-III enzyme 
preparation, previously prepared by 
the activity of one of the original 
specific antitype-II1I 7iatlobacillus 
palustris strains on type-III car- 
bohydrate, was inoculated with one 
of the earlier specific antitype-VIII 
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Rhedobacillus palustris strains, an anti- 
type-VIII enzyme was produced, while 
the original antitype-III enzyme was 
retained. 

Apparently, the splitting of the type- 
III polysaccharide produces a fraction 
which, although it does not react sero- 
logically with type-VIII serum, serves 
as a suitable substrate for the produc- 
tion of antitype-VIII enzyme. 


EASTERN PENNSYLVANIA CHAPTER 


One Hounprep AND Tuirty-Firra MEETING, PHILADELPHIA County MEDICAL 
Society Burtpine, January 24, 1939, PHiLapELpuia, Pa. 


A NEw FILTeRABLE AGENT ASSOCIATED 
with ReEsPIRATORY INFECTIONS. 
Joseph Stokes, Jr., Hobart A. Rei- 
mann and Dorothy R. Shaw, Depart- 
ment of Pediatrics, School of Medi- 
cine, University of Pennsylvania and 
The Children’s Hospital of Phila- 
delphia, Philadelphia, Penn. 

A filterable agent was isolated from 
throat secretions of a patient with an 
upper respiratory infection (Reimann, 
1938). Francis and Magill (1938)? iso- 
lated independently from the same 
patient a comparable agent. 

These secretions were inoculated in- 
tranasally into a ferret, which became 
comatose in 24 hours. Brain and lung 
emulsions were filtered separately 
through Berkefeld V filters. This 
agent inoculated intranasally and in- 
tracerebrally into mice and guinea-pigs 
caused in 10-20 days weakness, loss of 
appetite and weight, and in almost all 
instances paresis of the hind legs. The 





1 Reimann, Hobart A., 1938, An 
acute infection of the respiratory tract 
with atypical pneumonia. J. Am. 


Med. Assoc., 111, 2377-2384. 
? Francis, T., jr., and Magill, 1938, 
personal communication. 


lungs showed grossly a bluish-gray, 
firm, patchy bronchopneumonia. 

Brain showed toxic reaction and de- 
generation of the cells in the deeper 
cortical layers and of the ganglion cells 
in the medulla. In the lungs there was 
found an inflammatory exudate, hav- 
ing a lobar and peribronchial distribu- 
tion. This consisted mainly of mono- 
nuclear cells and fibrin with clumps of 
neutrophils. The bronchiolar epithe- 
lium was swollen and redundant. The 
fibromuscular wall of the bronchi and 
bronchioles was thickened and highly 
vascular (Wolman, 1938).* 

Cultures of filtrates of brain and of 
lung emulsions showed no evidence of 
bacterial contamination. The agent 
passed through a collodion membrane 
of 780 mu. average pore diameter 
(Francis and Magill, 1938).* 

Whether this agent was of animal or 
human origin, it is impossible to state. 
However, the findings suggest that a 
new filterable agent has been described 
which causes disease in mice, guinea- 
pigs and possibly ferrets, and it is also 
possible that it may have been in part 
responsible for the disease of the pa- 
tient. 





*Wolman, I. J., jr., 1938, personal 
communication. 
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FurTHEeR STUDIES ON THE VALUE OF 
Routine ANAEROBIC CuLturREs. E£. 
H. Spaulding and William Goode, 
Department of Bacteriology and 
Immunology, Temple University 
School of Medicine, Philadelphia. 
Continuing a study previously re- 

ported (J. Bact., 1938, 36, 54-55) an 

additional series of routine clinical 
specimens has been cultured on dupli- 
cate aerobic and anaerobic blood agar 
plates containing beef infusion base. 

Of 1358 specimens showing growth, 90 

per cent were positive on both plates, 

1.2 per cent on the aerobic plate only 

and 8.8 per cent on the anaerobic plate 

alone. Of 119 specimens containing 
anaerobes exclusively, 50 revealed 

hemolytic streptococci. In fact, 42.9 

per cent of all the hemolytic strepto- 

cocci isolated were recovered only by 
anaerobic culture. Nine per cent of 
the pneumococci and 25 per cent of 
non-hemolytic streptococci were, like- 
wise, isolated as anaerobes. Thirteen 
of 28 cultures of Hemophilus influenzae 
were anaerobic upon primary isolation. 

Most of the cultures mentioned 
above were temporarily anaerobic since 
sub-culture from the primary anaerobic 
plate produced satisfactory aerobic 
growth. Permanently anaerobic hem- 


olytic streptococci, pneumococci and 
other organisms were occasionally 
recovered, however. The use of fluid 
or semi-solid media yielded results in- 
termediate between those of the blood 
agar plates. 

An observation of practical signifi- 
cance was the striking contrast be- 
tween the aerobic and anaerobic 
growths of the facultative anaerobic 
hemolytic streptococci. Almost in- 
variably the anaerobic growth was 
more rapid, more luxuriant and more 
hemolytic than the corresponding 
aerobic culture. 


AN ImPROVED ANAEROBIC APPARATUS. 
E. H. Spaulding, Department of 
Bacteriology and Immunology, Tem- 
ple University School of Medicine, 
Philadelphia, Pa. 

A modification of the anaerobic ap- 
paratus described by Weiss and Spauld- 
ing (J. Lab. Clin. Med., 1937, 22, 726) 
was used in the study reviewed above. 
A satisfactory jar with an aluminum 
top was described. A vacuum gauge 
has been substituted for the mercury 
manometer and metal stop-cocks for 
the glass stop-cocks. The entire ap- 
paratus is housed in a wooden cabinet 
with a hard-rubber panel. 


One HunprRED AND Turrty-SrxtH MEETING, PHILADELPHIA County MEDICAL 
Society Buitpine, Fesrvuary 28, 1939, Portape puta, Pa. 


NUCLEOPROTEINS FROM STREPTOCOC- 
CUS PYOGENES: SoME CHEMICAL AND 
SEROLOGICAL PROPERTIES AND 
CaaNnGes In Boru Cavusep By CER- 
TAIN Enzymes. Charles A. Zittle, 
Department of Bacteriology, Uni- 
versity of Pennsylvania, School of 
Medicine, Philadelphia. 

A nucleoprotein (M) has been ex- 
tracted from whole organisms with 
N/20 HCl at 56C., reacting type- 
specifically like Lancefield’s ‘‘M’’. 


M was compared with a nucleoprotein 
(NPA) described previously in reports 
from this department. 

M gave negative Millon’s and Hop- 
kins-Cole reactions; color tests were 
positive for ribose nucleic acid. NPA 
gave positive Millon’s and Hopkins- 
Cole reactions and positive color tests 
for ribose and desoxyribose nucleic 
acid. The presence of ribose nucleic 
acid was confirmed by the specific 
action of ribonuclease. 
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Destruction of type-specificity of M 
by trypsin was confirmed and simul- 
taneous loss of precipitability with acid 
found. This was rapid; 0.05 mg. of 
trypsin per ml. of a 0.2% solution de- 
stroyed acid precipitability within one 
minute and serological tests after three 
minutes showed specific precipitation 
also was destroyed. Alcohol precipi- 
tation of tryptic digests of M gave 
a high-phosphorous, biuret-negative 
component. A_ biuret-positive, low- 
phosphorous, noa-diffusible component 
was obtained from the alcoholic solu- 
tion. 

Trypsin destroyed the precipitation 
of NPA with anti-NPA sera but not 
with anti-streptococcus sera. NPA 
precipitated at pH 1 but not at pH 3.5. 
Commercial trypsin destroyed precipi- 
tation at the lower pH. This was 
probably caused by the ribonuclease 
in commercial trypsin. 


Some OBSERVATIONS ON THE ETIOLOGY 
or VacinaL Inrections. A. E. 
Rakoff, Departments of Bacteriology 
and Obstetrics, Jefferson Medical 
College, Philadelphia, Pa. 

Evidence was presented that the 
vaginal flora is largely dependent upon 
the presence or absence of estrogenic 
hormone. When present in sufficient 
concentration it causes growth of the 
vaginal epithelium and probably de- 
position of glycogen in the cells. 
Glycogen is partially utilized by a non- 
bacterial ferment, producing sufficient 
acidity to favor the presence of Déder- 
lein’s bacilli, which further ferment the 
available carbohydrate to produce a 
degree of acidity inimical to most 
bacteria (pH 4.0-4.8). 

The absence of this mechanism, after 
the first week of life to puberty, leaves 
the vaginal tract of the child suscep- 
tible to various bacterial infections, 
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both ‘‘non-specific’’ and gonorrheal. 
The same situation prevails after 
menopause. 

Bacterial infections of the vaginal 
tract are rare during the sexually- 
mature period of life. Secondary bac- 
terial infections are often attributable 
to infections of the cervix. Infesta- 
tions with Trichomonas vaginalis, are 
very common. Data were presented 
supporting the belief that the proto- 
zoan parasite is associated with a dis- 
tinct clinical entity, of which it is the 
primary etiologic factor, although it is 
always accompanied by a disturbance 
in the bacterial flora. The rdéle of the 
accompanying bacteria was discussed, 
none of which were thought to be of 
primary etiologic significance, includ- 
ing the so called ‘‘Streptococcus sub 
acidus’’. 

The significance of monilia and lep- 
tothrix in the vaginal tract was also 
discussed. 


Tue Action oF SULFANILAMIDE ON 
Hemotytic Streprococci in HuMan 
Bioop anp Serum. John 8S. Lock- 
wood and Helen M. Lynch, Depart- 
ment of Research Surgery, Uni- 
versity of Pennsylvania, School of 
Medicine, Philadelphia, Pa. 

The population curve of young strep- 
tococci growing in normal human blood 
and serum, and the influence of sul- 
fanilamide on this curve, has been 
determined. If the inoculum is 
washed free of peptone before being 
added to the serum, sulfanilamide 
shows a marked inhibiting effect on 
bacterial survival even in the absence 
of leukocytes. The character of the 
curve is subject to considerable varia- 
tion, depending upon a number of fac- 
tors, among them the size of inoculum, 
concentration of sulfanilamide, tem- 
perature of incubation, amount of free 




















he 


of 








Z 
4 
3 
4 
D | 


hatin DS. 


Adcatindle Bided tek, 





PROCEEDINGS OF 


hemoglobin. None of these factors is 
as significant in altering the effect of 
sulfanilamide as is the content of added 
peptone. Amounts of peptone as small 
as 1.0 milligram per 100 ml. will 
tend to inhibit the bacteriostatic, and 
particularly the bactericidal, effects of 
the drug in vitro. Streptococci which 
die out in sulfanilamide-serum tend to 
swell up and disintegrate, losing first 
their gram-positiveness. Streptococci 
which multiply slowly in serum con- 
taining sulfanilamide and peptone tend 
to form very long chains, and have the 
morphologic appearance of rough vari- 
ants, though when transferred to drug- 
free media they rapidly regain their 
usual morphology. Phagocytosis ap- 
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pears to be effective in disposing of the 
organisms only under conditions of 
marked sulfanilamide bacteriostasis 
Peptone inhibits the bacteriostatic 
action of sulfanilamide on Escherichia 
coli in urine, and of sulfapyridine on 
hemolytic streptococci and pneumo- 
cocciinhumanserum. An explanation 
of the action of sulfanilamide which 
satisfies all of the observed phenomena 
is that the drug prevents the satisfac- 
tion of nutritional requirements of 
susceptible organisms in certain media. 
It seems probable that the drug inter- 
feres with the nitrogen requirements of 
bacteria when they are not supplied 
with an excess of assimilable amino- 
nitrogen. 


One HuNDRED AND THIRTY-SEVENTH MEETING, PHILADELPHIA County MEDICAL 
Society Buitpinec, Marcu 28, 1939, PaHitapeLpuia, Pa. 


Huntine Tupercie Bacitur Firry 
Years Aco. Joseph McFarland, 
University of Pennsylvania, School 
of Medicine, Philadelphia, Pa. 
The method demonstrated was amus- 

ing and instructive, as exemplifying 

the improvements in the technic of 
clinical bacteriology, and was the one 
taught to medical students in the Uni- 
versity of Pennsylvania from about 

1885 to 1889. It was a modification of 

Koch’s original method to accommo- 

date it to medical students. The origi- 

nal Koch method required twenty-four 
hours staining at room temperature 
but the instructor applied greater heat 
so as to complete the procedure in the 
length of time at his disposal, usually 
an hour. The instructor possessed 
only the crudest of equipment and no 
oil immersion lens. The technic was 
somewhat as follows: to a three inch 
evaporating dish was added a saturated 
aqueous solution of gentian violet and 


10% KOH solution added until the 
surface appeared metallic. The spu- 
tum was spread upon a cover-glass by 
means of a match stick, allowed to dry 
and fixed by passing through a flame. 
The fixed smear was floated film-side 
down on the surface of the prepared 
staining solution which was then heated 
to gentle steaming for 15 minutes by 
means of analcohollamp. The stained 
smear was then washed in 5% aqueous 
solution of vesuvin, washed in water 
and dried. Of one thing the instructor 
was sure: The detection of tubercle 
bacilli depended upon a color reaction 
and at the completion of the staining 
technic ‘‘whatever was blue was tu- 
bercle bacilli and nothing else, what- 
ever was anything else could not be 
tubercle bacilli’?! Of course the in- 
structor might not believe that the 
tubercle bacilli were the cause of tu- 
berculosis, and probably had never 
seen tubercle bacilli except when shown 
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to him by Koch or some other capable 
technician. 


Norges ON THE History oF Pure Cut- 
turE Mernops. J. R. Schramm, 
University of Pennsylvania, Depart- 
ment of Botany, Philadelphia. 
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Tue INTRODUCTION OF AGAR AGAR INTO 
BacrerioLtocy. A. P. Hitchens and 
Morris Leikind, University of Penn- 
sylvania, School of Medicine, Phila- 
delphia, Pa. and Johns Hopkins 
University, Baltimore, Md. Pub- 
lished in J. Bact., 1939, 37, 485-493. 


One HunpRED AND Tuirty-E1cHtH MEETING, PHILADELPHIA County MEDICAL 
Society Buitpine, Apri 25, 1939 


A SymposiuM ON LYMPHOPATHIA VENE- 
REUM, THE Sixth VENEREAL Dis- 
EASE, by members of the Proctologic 
Department of the Graduate Hospi- 
tal, University of Pennsylvania, 
Philadelphia, Pennsylvania. 


History, BacrerroLocy, Fre: Test 
AND ITs EvauuatTion. Harry E. 
Bacon and Francis D. Wolfe. 


Gross Lesions. Collier F. Martin. 


Patuo.ocy. Eugene Case and M. S. 
Hwang. 


Lympuatics. Oscar V. Batson. 


Bioop Cuemistry FinpinGs. Charles 
A, Jones. 


ROENTGENOGRAPHIC INTERPRETATIONS 
or Recrat SrricrurRE anp Lym- 
PHOPATHIA VENEREUM. Arthur Fin- 
kelstein. 


One Hunprep anp Turrty-NintH MeEetiInG, PairapeLpH1a County MEDICAL 
Soctety Buripine, May 23, 1939, Painapeputa, Pa. 


A Mernop ror MAKING BacTERIAL 
Counts 1n A Test Tuse. Edward 
Redowitz, The Clinical Laboratory 
of Claude P. Brown, M.D., 1930 
Chestnut St., Philadelphia, Pa. 

A method was described for making 
counts in test tubes on non-motile bac- 
teria, by employing semi-solid agar. 
The counts were made on Lactobacillus 
acidophilus, streptococcus and staphy- 
lococeus cultures. The colonies can 
be counted after 18 hours incubation as 
they are large and easily seen by trans- 
mitted artificial light. 

The method is to use one set of tubes. 
Suitable medium containing 0.15% agar 
is introduced into the tubes with a 
sterile 10 ml. pipette in 9 ml. amounts. 
Then 1 ml. of the culture to be counted 
is transferred into a bottle containing 
99 ml. of sterile saline solution and the 


pipette discarded. After a thorough 
shaking of the bottle, 1 ml. of the 10:00 
dilution is pipetted into the first tube 
containing the semi-solid medium and 
thoroughly mixed. With the same 
pipette like transfers of 1 ml. are made 
successively into the remaining tubes. 
From the last tube 1 ml. is discarded 
after making the transfer. The tubes 
are incubated 18 to 14 hours and the 
colonies counted in those tubes where 
they are well separated. An average 
of two or three dilutions should be 
taken. 

Since each tube contains only 9/10 
ml. of the previous dilution then the 
formula is as follows: Number of colon- 
ies in tube X dilution multiplied by ',’ 
gives the number of bacteria in 1 ml. 
of culture. 
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Tue PATHOGENESIS OF RHEUMATIC 
Fever. Mark P. Schultz, National 
Institute of Health, Washington, 
D. C. 


BacTeRIAL AutterGy. Paul H. Lang- 
ner, Department of Allergy, Univer- 
sity of Pennsylvania Hospital, 
Philadelphia, Pa. 


A Typuorp-Lixe Inrection CavusEeD 
BY A Stow Lacrose-FERMENTING 
Orcanism. John Eiman and Rus- 
sell H. Fowler, Abington Memorial 
Hospital, Abington, Pa. 

A child was recovering satisfactorily 
from first and second degree burns 
when suddenly the clinical picture 
changed and death ensued. 

At autopsy Peyer’s patches were 
prominent. The tips of the villi were 
necrotic and floated off like flakes of 
rice. The spleen was enlarged and 
there was general lymph adenopathy. 
Lymph nodes showed marked prolifera- 
tion of endothelial cells of the sinu- 
soids and necrosis of germinal centers. 
Liver showed cloudy swelling, early 
fatty infiltration and numerous focal 
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necroses. Lungs showed interstitial 
pneumonitis. 


Pure cultures of gram-negative, non- 
spore-forming bacilli were isolated 
from the blood several days before 
death and from the ileum, Peyer's 
patches and colon at autopsy. These 
cultures fermented glucose, sucrose, 
maltose, mannite, dulcite, galactose, 
xylose, levulose and arabinose with 
acid and gas. Glucose, sucrose, ara- 
binose and mannite showed a reversion 
of the pH after several days incubation. 
Lactose was fermented slowly, acid 
occurring on the third day, gas appear- 
ing on the 4th day. The organism is 
V. P. +, M. R. —, indole —, motile, 
gelatin liquefaction —, grows on Sim- 
mon’s citrate agar and coagulates milk 
on the 7th day. 

Serum from rabbits immunized with 
this organism failed to agglutinate two 
species of Aerobacter, six species of 
Escherichia and twelve species of Sal- 
monella. It agglutinated paradysen- 
tery strains Flexner Y, Newcastle and 
Strong to approximately one-fourth 
titer. Absorption tests with these 
three strains failed to remove the ag- 
glutinins for the homologous strain. 
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STUDIES ON THE LIFE AND DEATH OF BACTERIA 


I. THE SENESCENT PHASE IN AGING CULTURES AND THE 
PROBABLE MECHANISMS INVOLVED 


EDWARD A. STEINHAUS anv JORGEN M. BIRKELAND 


Department of Bacteriology, Ohio State University, Columbus, Ohio 


Received for publication July 14, 1938 


The phenomenon of growth and death of bacteria in ordinary 
culture media has been studied in considerable detail. The data 
obtained in such studies show that growth follows a definite 
course, represented frequently by a curve constructed by plotting 
the logarithms of the numbers of organisms against time. This 
logarithmic growth curve has been divided into four main parts: 
the lag, logarithmic growth, maximum stationary, and death 
phases. After reaching the maximum stationary phase, the 
curve is frequently shown tapering off until it meets the abscissa, 
indicating sterility of the culture in a few days or weeks. How- 
ever, a few of the more recent writers (Gay, 1936; Topley and 
Wilson, 1936) have made suppositions to the contrary. Gay 
states: “It is very probable that many cells may be unable to 
multiply but are still able to carry on other metabolic functions.” 
He further suggests that ‘““The number of viable organisms may 
also show repeated irregular increases possibly indicating spurts 
in multiplication. The long period of slow decline has not been 
studied as intensively as it probably deserves.”’ 

During the course of our investigations on factors affecting 
bacterial growth, certain observations suggested that a closer 
quantitative examination of death and death rates in bacterial 
cultures might be desirable. The period of prolonged survival 
and the probable mechanisms involved proved to be of particu- 
lar interest. 
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I. THE SENESCENT PHASE 
Methods 


Sarcina lutea and Serratia marcescens were grown in flasks 
containing 1000 ml. of ordinary nutrient broth. The flasks were 
incubated at room temperature (approximately 24°C.), stoppered 
with cotton, and capped with lead foil to prevent excessive 
evaporation. The volume of the medium was kept constant 
by the periodic addition of sterile, double-distilled water. For 
a period of two years, duplicate plate counts of the number of 
cultivable bacteria were made at various intervals. During 
the 13th month of incubation, counts were made every other day 
for three weeks to determine any minor changes or fluctuations 
in the number of cultivable bacteria during this period. 


Cultural characteristics 


During the prolonged period of incubation the reaction of 
the aging cultures of S. lutea and S. marcescens became alkaline, 
reaching pH 8.49 and 8.12, respectively, as measured by the 
glass electrode. This is striking, especially in the case of S. 
marcescens whose limit of reaction is usually considered to be 
pH 8.0. When the reaction of one-year old S. marcescens cultures 
was adjusted to pH 7.0, the count rose in two weeks from 
7,500,000 to slightly over a billion cells per ml., thus slowly ap- 
proximating the number of cells found during the maximum 
stationary phase. 

Microscopic examination of the aging cultures showed intact 
cells, a considerable amount of debris, and “ghost” forms. The 
cells were typical in shape and grouping and gave characteristic 
reactions to the gram stain. As is usually the case with dead 
cells, most of the cells of S. lutea stained gram-negative. The 
physiologic reactions of transplants of these cultures in litmus 
milk, gelatin, citrate medium, and in tryptophane, nitrate, and 
sugar broths remained constant. In the case of S. marcescens, 
there was definite evidence of variation when the cultures were 
plated out. The colonies ranged in color from white to uni- 
formly deep red, and in morphology from the tiny, glistening 
to the spreader type. 
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That there are differences in resistance to adverse environ- 
mental conditions of cultures 3 to 6 hours old as compared with 
those 1 to 7 days old has been shown by Sherman and Albus 
(1923). Hence it was thought desirable to determine roughly 
whether or not such a phenomenon had occurred in these aging 
cultures. 

The methods of these investigators were followed in subjecting 
the two-year old cultures of S. lutea and S. marcescens to HgCle, 
phenol, and high temperatures. The action of HgCl, and of 
phenol was tested by allowing the organisms to remain in contact 
with the chemical for definite time intervals after which one 
loopful of this suspension was transferred to a tube of nutrient 
broth. If no growth occurred in the broth within 48 hours, it 
was concluded that the organisms had been killed by the chemical 
agent. Young eight-hour old cultures of these organisms were 
run as controls. 

The results, recorded in table 1, accord in general with those 
reported by Sherman and Albus in that they indicate physiologic 
differences between young and old bacterial cells. A repetition 
of the experiments gave similar results. 

Sherman and Albus also found that mature cells may be 
agglutinated by acid whereas young cells are not. Several rough 
determinations of this kind were made on the aging cultures of 
S. marcescens and S. lutea, but no differences were noted between 
the agglutinability of the two-year old cultures and those 8 
hours old. 


Population studies of aging cultures 


Plate counts of these aging cultures showed the number of 
cultivable organisms to be remarkably high. Counts of from 
5,000,000 to 30,000,000 bacteria per ml. were obtained during 
the thirteenth month of incubation. At the end of the two-year 
period the plate count of S. lutea was 1,000,000 bacteria per ml., 
while that of S. marcescens was 1,700,000 per ml. 

Plate counts of the number of cultivable cells of S. lutea and 
S. marcescens plotted against time are shown logarithmically 
in figures 1 and 2. These two curves represent the numbers of 
cultivable bacteria in nutrient broth cultures maintained over a 
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period of two years. After an early initial drop which occurs 
during the first few days, the curves tend to level off and maintain 
an almost imperceptible decline. This gradual decline, however, 
is probably not one of total inactivity. Frequent counts, made 


TABLE 1 
Effect of adverse conditions 
































| SERRATIA MARCESCENS | SARCINA LUTEA 
Te | Se. ive weer oe i. Ea 
2 years | 8 hours 2 years 8 hours 
Exposure to 1 per cent phenol 
minutes | 
0 + | + | 7 7 
1 7 + | + + 
2 + + | + - 
5 + - + - 
10 - - + | - 
15 _ | —_ - - 
2 Rees eee Manan Ser 
‘we arts +t Exposure to HCl: (1:12,000) a SeteTS 
0 + | + | + + 
1 + + + + 
2 + - + + 
5 - - + + 
30 - - + + 
45 - | — + + 
60 | ~ | - | 7 | 7 
120 - | - - | - 
~— ae to BEPC. 
Cells per ml ~ Cells per ml, Cells per —y Cells per ml. 
0 1,700,000 8,000,000 ‘ 1,000,000 950 , 000 
5 | 90 ,000 | 1,000 | 980 , 000 15,000 
15 | 30 | 0 | 400,000 | 75 
30 | 4 o | 80,000 10 
45 | 0 | 0 | 600 0 
60 | 0 o | 0 0 





during the twelfth and thirteenth months, revealed small rises 
and falls in the curve, thus indicating some evidence of actual 
multiplication and spurts of increase during the period. We 
have termed this period the “senescent phase.” 
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““S”’ marks the beginning of the senescent phase. The early phases of the typi- 
cal growth curve do not appear because of the time scale used. 


TABLE 2 
Representative counts of the numbers of bacteria per ml. in aging cultures 





AVERAGE NUMBER OF BACTERIA PER ML. AVERAGE 
ound a — — - REACTION 
: or 
ee caaly ahter After 48 hours After one year by ay a 
—— incubation incubation oun Taan 
pH 
Sarcina lutea 6000 1,000,000,000 | 5,200,000 8.60 
Serratia marcescens 8000 2,000,000 , 000 4,800,000 8.78 
Bacillus subtilis........ 4000 10,000,000 300 , 000 8.92 
Staphylococcus aureus 7000 1,800,000,000 | 1,300,000 8.62 
Staphylococcus aureus* 6000 2,000 , 000 , 000 750 , 000 8.61 
Aerobacter aerogenes : 5000 1,100,000,000 | 1,600,000 8.75 
Escherichia coli 9000 1,700 ,000, 000 300 , 000 8.91 
Klebsiella pneumoniae 6000 2,500,000, 000 775,000 8.81 
Pseudomonas aeruginosa 4000 1, 400,000 , 000 1,100,000 8.87 
Rhodococcus rhodochrous 1000 700 , 000 430 , 000 7.86 
Micrococcus tetragena. 2000 300,000,000 2,100,000 8.83 


* A non-proteolytic strain. 
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Table 2 gives data showing the partial results obtained in 
similar experiments using other bacteria for a period of one year. 
For the most part, the counts recorded represent an average of 
two to four separate cultures of each organism. ‘The reaction 
of each culture at the end of this period is also indicated. Briefly 
stated, the results were similar to those obtained with the aging 
cultures of S. lutea and S. marcescens. In each case, after the 
early initial drop, the curve tends to level off in a manner similar 
to that already described for S. lutea and S. marcescens. In 
general, when the aging cultures were plated out, the resulting 
growth was very slow, thus requiring incubation periods longer 
than is ordinarily necessary for these species. The number of 
bacteria at the end of the one-year period is given in the table 
because in all cases this was the lowest number of bacteria per 
ml. at any time during the 12-months period. 


II. STUDIES ON THE PROBABLE MECHANISMS INVOLVED 


Speculation as to why bacterial populations are maintained 
over a long period of time brought up the question of whether 
a bacterial species could utilize cells of the same or of other 
species as a source of nutriment. It was not thought that this 
would be the sole explanation for the continued growth in the 
aging cultures, but it seemed desirable to know to what extent 
it might play a part. Consequently, experiments were conducted 
to test whether bacteria could utilize other bacterial cells as the 
only source of food. 


Methods 


For this purpose, pure cultures were grown on nutrient agar 
in 1000 ml. Blake bottles. The cells were harvested and then 
washed three or four times by suspending them in physiologic 
saline and centrifuging. An estimated 1 per cent suspension 
of moist cells in 1.5 per cent washed granulated agar was ad- 
justed to pH 7.0 and autoclaved for 20 to 30 minutes. The 
washed cells plus washed granulated agar constituted the test 
medium, the only source of nutrients being the bacterial cells 
incorporated in the agar. Plates of this medium were then 
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poured in the ordinary manner and streaked with the various test 
organisms. Washed agar alone and ordinary nutrient agar were 
used as controls. Forty-eight hours after inoculation, the growth 
on the cell-agar medium was compared with the growth on the 
nutrient agar plates. 

The cell-agar media used were made of the whole cells of 
S. marcescens, S. lutea, Staphylococcus aureus, and the intact as 
well as the disrupted cells of Escherichia coli. The disruption 
of the cells was brought about by repeated freezing and thawing 
of the bacterial suspension. 


Results 


In general, as can be seen from table 3, the organisms that 
are proteolytic in action grew best on the cell-agar medium. Out 
of twenty-one species of organisms tested, best growth was 
obtained with S. lutea, S. marcescens, Bacillus subtilis, Bacillus 
mycoides, Bacillus anthracis, and molds of the genera Penicillium, 
Aspergillus, and Mucor. 

Partial but not normal growth was obtained with £. coli on 
E. coli cells. It seemed to make no difference whether these 
cells were intact or disrupted. Partial growth was also obtained 
with Staphylococcus aureus on S. lutea cells, Aerobacter aerogenes 
on E. coli, and Pseudomonas aeruginosa on S. lutea and on 8S. 
marcescens. Corynebacterium diphtheriae gave partial growth on 
E. coli, while Klebsiella pneumoniae gave light growth on all 
the test media. 

No appreciable growth was obtained on any of the test media 
with the following organisms: Leuconostoc mesenteroides, \ eisseria 
catarrhalis, Rhodococcus rhodochrous, Micrococcus tetragena, 
Streptococcus viridans, and Streptococcus hemolyticus. 


Relationship to proteolysis 


One of the most striking reactions observed was the marked di- 
gestion of the cells in the medium by some of the species streaked 
upon its surface. This was particularly noticeable on the cell- 
agar media inoculated with S. lutea and B. subtilis. These 
species digested the cells in the otherwise opaque media to such 
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an extent that distinct, clear zones could be seen about the 
growing colonies. S. marcescens showed much smaller, although 


quite definite, zones of digestion. 


Blocks of digested and un- 


digested areas of the cell-agar medium were removed, embedded 


TABLE 3 


Growth of organisms on cell-agar medium 








alone) 


Control (agar 


SUBSTRATE 
— T Son ‘ B et £- — Control 
S. lutea ecsnene . cols ‘eslin) ~y 
c 
Q 
Sarcina lutea... . cree IEEE FETT +] +t | +44 [+444 - 
Serratia marcescens TOTTI TTT ~ | oF | +44 ++++4) 
Bacillus subtilis ++t++i++4+4] — | 444+] +4 [4444 
Bacillus mycoides..........|++++++4++4+| + |++4+4\/4+4+44)+4+4++ 
Bacillus anthracis . +++ | 4+44+/-/] +4 fd +444] 
Aerobacter aerogenes. .... - - |- + Tr itt? 
Escherichia coli. . om ior ++ |- | + + |4++++ 
Klebsiella pneumoniae. | ++ + _ + + |44+4++ 
Pseudomonas aeruginosa...| ++ + _ - — |++++ 
Leuconostoc mesenteroides. . - - - _ _ | + 
Neisseria catarrhalis..... + _ - 4. —- |4++4++4 
Rhodococcus rhodochrous = _ - - os ++ 
Micrococcus tetragena. . - ~ _ + + |4+4+4++4+ 
Corynebacterium diph- 
theriae, . . ‘oy - - |=- ++ + + 
Staphylococcus aureus ot — {|—| ++ - $444 
Staphylococcus aureus* + _ - + -— Ferri 
Streptococcus hemolyticus . . _ - — - - | - | 
Streptococcus viridans ‘ — - - _ - | = 
Aspergillus sp +++ 0 444 |4+4+4+4+44+44+44/4+4+4+4+ 
Penicillium sp. +tt+) +++ [44/4444 4444/4444 
Mucor sp. 4b 


* A non-proteolytic strain. 


in paraffin, sectioned, stained and examined. 


+++ 44+ 4444+ 4444/4444 


In the undigested 


part, the bacteria were found intact and in their characteristic 
groupings, while in the digested part there were fewer bacteria 
and those that were present appeared to be in the process of 


disintegration. 
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Additional reactions 


S. marcescens, which rarely produces a metallic sheen when 
grown on nutrient agar, produced a very pronounced sheen 
when grown on its own cells. It was also observed that although 
S. marcescens produced no pigment when grown on the whole 
cells of E. coli, it again produced a deep red pigment when trans- 
ferred to nutrient agar. 

E. coli grew very meagerly on its own cells. However, when 
a sugar such as lactose was added, normal growth resulted. If 
the medium was made of cells of EZ. coli previously cultured on 
a nutrient agar medium rich in lactose it supported the growth 
of E. coli no better than did the medium made of cells propagated 
on ordinary nutrient agar. 


10r 











~ 
1 2 3 4 5 6 7 8 9 10 
TIME IN DAYS 


Fic. 3. GRAPH OF THE LOGARITHMS OF THE NUMBERS OF S. MARCESCENS GROWING 
IN ORDINARY NUTRIENT Brots (1) AND IN A WASHED SUSPENSION OF 
S. MARCESCENS CELLS (2) 


Cell suspension medium 


When washed, 1 per cent suspensions of autoclaved cells of 
S. marcescens and of S. lutea were suspended in saline and inocu- 
lated with the homologous organisms, normal growth resulted 
(fig. 3). Plate counts of this growth corresponded to the results 
obtained on the cell-agar plates. It is interesting to note that 
in the case of S. marcescens there still remained over 40,000,000 
viable bacteria per ml. in the suspension, even after three months 
incubation. 

Although these experiments indicate that not all bacteria grow 
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upon the cells of the same or different species, some bacteria 
seem to have a marked ability to use bacterial cells as a source 
of nutriment. No doubt these experiments illustrate only a few 
of many such “cannibalistic” relationships between bacterial 
species. This study is, therefore, being broadened to include 
any such possible relationships between the more fastidious 
bacteria. 


DISCUSSION 


It seems that most investigators consider that bacteria in 
nutrient broth cultures die or decrease in numbers in a manner 
similar to and governed by the same laws which determine the 
manner or rate at which they die when subjected to such un- 
favorable environments as disinfectants. Apparently little or 
no effort has been made to learn the fate of the culture after the 
rapid drop in numbers following the maximum stationary phase. 
Most workers seem to have concluded that the decline continues 
quite steadily until the culture reaches sterility. This may be 
the case when bacteria are grown in media containing a fer- 
mentable sugar or when bacteria are acted upon by strong 
disinfectants. 

The results of this investigation indicate that the period of 
death is not necessarily one of regular decrease when bacterial 
cultures are grown in ordinary nutrient broth. This is evident 
from the small rises and falls in the curve which probably indicate 
spurts in multiplication. In general, however, the curve secured 
when the logarithms of the numbers of bacteria are plotted 
against time shows a slow, almost unnoticeable decline. With 
such data as evidence, it seems that we are here presented with 
a period in the life of bacterial cultures which has not had its 
due share of recognition. We consider it a distinct phase in 
the culture cycle of bacteria and suggest that it be designated 
as the “‘senescent phase.” This is in accord with the terminology 
used in connection with the other parts of the growth curve. 
Whether all bacteria possess this phase will require further 
investigation. 

Any discussion as to how the senescent phase is maintained 
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would, as yet, have to be more theoretical than factual. The 
maze of interrelated factors makes the solution particularly 
difficult. In accord with general conceptions, the criterion of 
death in such experiments as these will, of necessity, have to be 
the inability of cells to reproduce when placed in a favorable 
environment, as, for instance, when transferred to agar plates 
for the purpose of counting. It is, furthermore, possible that 
cells may be able to carry on other metabolic functions but be 
unable to reproduce. ‘Then too, the “resting” stage, studied by 
Quastel (1926) and Kendall (1930), may be an important factor. 

Regardless of the attacks made against Chick’s (1908) theory 
of variable resistance of individual cells in regard to the death 
rates of bacteria as influenced by disinfectants, such a possibility 
must also be considered. This is likewise suggested by what 
Sherman and Albus (1923) have termed ‘physiological youth.” 
According to these authors the physiologically young bacteria 
are more sensitive to adverse conditions than the old. As the 
cultures age, the remaining cells may become old and are thus 
able to withstand the adverse conditions of alkaline reaction, 
accumulation of waste products, and other detrimental en- 
vironmental conditions which ordinarily kill those organisms 
which are physiologically young. The possibilities that the cul- 
tures are undergoing variation and that the medium is acting 
as a selective agent must also be considered. This may partially 
explain the occasional spurts in multiplication during the senes- 
cent phase. 

Although perhaps of less significance than originally supposed, 
many writers still consider starvation to be one of the causes 
of death of bacteria in old cultures. Therefore, we were prompted 
to ask ourselves if the dead organisms in aging cultures could 
be of sufficient nutritive value to serve as a source of necessary 
food elements to aid in maintaining the senescent phase. One 
‘an readily imagine that due to long standing the dead cells 
remaining in the culture autolyze and liberate some nutriment 
which is used by the remaining viable cells. It might further 
be supposed that dead bacterial cells contain all the constituents 
necessary for the growth of new cells of the same species pro- 
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viding, of course, that the living cells possess enzymes necessary 
to utilize the dead cells. The data here presented indicate the 
possibility of such a cycle. Just how many dead cells are needed 
to supply the energy for the growth of one living cell could only 
be determined by more accurate analytical methods. It is no 
doubt true that a 1 per cent suspension of bacteria autoclaved 
at their height of development is not comparable with the cells 
of very old cultures. Nevertheless, the results secured in growing 
S. marcescens in a saline suspension of killed cells of the same 
species would seem to have particular significance in this respect. 
This medium, in which the only source of food was the dead 
bacterial cells, supported growth to a degree almost as great as 
nutrient broth. For the want of a better word this relationship 
has been referred to as ‘‘cannibalism,”’ a term used by Kollath 
(1924) in reference to a similar phenomenon. This phase of the 
work is being further investigated. 


SUMMARY 


Periodic plate counts made of aging broth cultures of Sarcina 

lutea and Serratia marcescens showed the numbers of cultivable 
bacteria remaining in the cultures to be remarkably high even 
after two years incubation. Similar findings have been ob- 
tained with a number of other organisms after one year of incuba- 
tion. Readjusting the reaction of the cultures of S. marcescens 
from pH 9.0 to 7.0 gave a definite increase in the number of 
viable organisms. 
“* Microscopic examination of these aging cultures did not show 
much cellular variation, although on plating colonial variation 
was evident in some instances, especially with S. marcescens. 
The species retained their physiologic and gram stain char- 
acteristics. Rough determinations indicated that the aging cells 
possessed a marked resistance to adverse environmental con- 
ditions. 

When the counts were plotted logarithmically, the resulting 
curve, after the initial drop following the maximum stationary 
phase, tended to level off and maintain an almost imperceptible 
decline. Small rises and falls in the curve were still apparent 
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during this period. The term ‘“‘senescent phase’ is suggested 
for this period of the curve. 

Varying degrees of growth were obtained with 21 strains of 
organisms on media in which the only source of nutriment was 
a large quantity of washed and autoclaved bacterial cells. In 
general, the proteolytic organisms grew more luxuriantly on 
such media than did the non-proteolytic organisms. 

When S. marcescens was inoculated into a liquid medium con- 
sisting of a suspension of killed cells of S. marcescens, the counts 
obtained were almost as great as those obtained in the nutrient 
broth controls. 

The term “cannibalism” is used to designate the growth ob- 
tained in cultures where the dead cells are serving as a source 
of food. 


The authors wish to acknowledge the valuable suggestions and 
criticisms offered by Dr. N. Paul Hudson in the preparation 
of this paper. 
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In a survey of the literature dealing with “filamentous” oral 
bacteria (Bibby, 1935), it was found that the successful growth 
of such organisms has been reported on fifty-seven occasions. 
Most of the cultivated forms have been inadequately described; 
furthermore, no two descriptions are exactly alike. It is pos- 
sible, nevertheless, to recognize fourteen as Leptotrichia, of which 
there are at least two recorded types, and seven as Actinomyces. 
Of the latter group, none has been sufficiently well studied to 
establish a filamentous morphology nor an origin in the mouth. 
Accordingly, a systematic study of oral filamentous bacteria 
was undertaken. The present report is a record of the cultural 
findings. 


METHODS 


The material for study consisted of ‘‘materia alba,’ calculus, 
and scrapings made from the teeth, gingivae and mucous surfaces 
at various sites in healthy and diseased mouths of adults and 
children. Specimens were collected on sterile dental instruments 
with precautions to reduce contamination toa minimum. Inocu- 
lations of various culture media were made immediately after 
collection. 


1 Based on portions of a thesis presented on October 29, 1935, by Basil G. Bibby 
to the University of Rochester in partial fulfillment of the requirements for the 
degree of Doctor of Philosophy. 

The study upon which this report is based was supported in part by grants from 
the Rockefeller Foundation and the Carnegie Corporation of New York. 
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In addition to Douglas’ agar, rabbit-blood agar, and meat- 
extract agar, we employed the special media used by previous 
investigators. These included various enriched media, media 
made selective by the addition of inhibitory substances, and 
media of low nutritive value designed to favour the growth of 
fungus-like organisms. Incubation at 37°C. was carried out 
aerobically, and anaerobically, using Brown’s (1922) modification 
of M’Intosh and Fildes’ anaerobic method. To favour the 
development of fungus-like organisms, a few cultures were made 
at room temperature. For certain purposes a bent glass rod 
was employed to inoculate solid media. Early subcultures were 
made on the media which had been used in the original isolation, 
but thereafter, where growth was satisfactory, stock media were 
substituted. 

Isolations were made under a binocular microscope at a mag- 
nification of 14 diameters. The separation of colonies was 
greatly facilitated by the use of a sharp-edged platinum spade 
about 1.5 mm. wide and 0.2 mm. thick. 

Ascitic agar slopes containing 2 per cent of carbohydrate were 
used for fermentation tests. The acidity produced was estimated 
colorimetrically in 10-day cultures in Douglas’ broth containing 
5 per cent of glucose. Tests for diastatic activity were made 
in 0.3 per cent starch plates. Peptone water and Douglas’ 
broth were used for determining the formation of indol. 


CULTURAL OBSERVATIONS 


Using morphology and colonial form as a basis for classifica- 
tion, it was possible to recognize a number of distinct groups 
of filamentous, pleomorphic, non-spore-forming, non-motile 
organisms. ‘These groups are described below. 


Group I 


Organisms of Group I were found regularly in anaerobic cul- 
tures, in which they comprised from 0.5 to 2 per cent of the 
colonies. The individual elements were from 3 or 4 to 100 or 
more uw long and about 1 w wide. Thread forms predominated 
in both liquid and solid media. The filaments were unsegmented. 
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straight or curved and sometimes intertwined in tangled masses. 
Ends were square or rounded, commoniy resembling a thick 
bacillus from which a filament appeared to grow (fig. 1). Irregular 
elements occurred (fig. 2). Short and round forms were most 
prominent in smooth colonies; branched, forked, swollen, and 
irregular elements in intermediate colonies; and filamentous 
square-ended forms in rhizoid colonies. Young elements were 
uniformly gram-positive. In old cultures, irregular staining gave 
a coarsely granular or banded appearance. Completely de- 
colorized “shadow” forms were not uncommon. The Ljubinsky 
stain showed round granules in all elements (fig. 3). lodin did 
not give the blue “granulose’’ reaction. 

Colonies of freshly isolated strains appeared as greyish white 
pin points after forty-eight hours on blood agar. These reached 


a size of 1 or 2 mm. in from 4 to 7 days. Mature colonies were 


circular, having a slightly raised smooth center and a flat periph- 
eral portion, across which tangled filamentous processes radiated 
to give a rhizoid appearance (fig. 4). The colonies were tough 
and cartilaginous and emulsification was impossible. Ascitic 
and Douglas’ agar, but not meat-extract agar, gave satisfactory 
growths. In subculture, atypical colonies often appeared (fig. 5), 
especially when cultivation was aerobic or when platings were 
made from old Douglas’ broth cultures. A study of four strains 
during thirty ‘‘generations’’ showed that, although all strains 
did not react in quite the same way, anaerobic conditions and 
subculture on alkaline media tended to stabilize the rhizoid 
colonial type, whereas aerobic cultivation and the use of liquid 
media tended to produce smooth and unstable intermediate 
variants. In Douglas’ broth, growth was slow, a scanty granular 
sediment appearing after a week. The granules were from 0.25 
to 2 mm. in diameter and settled to the bottom or adhered firmly 
to the walls of the tube, leaving the medium clear. In subcul- 
tured strains, a heavy finely-granular growth often occurred. 
Subcultures grew readily under atmospheric conditions. Slow 
growth took place at room temperature. A pH of from 7.0 to 
7.3 was optimal, but growth occurred between pH 6.0 and 8.5. 
The organisms remained viable for four months in the incubator 
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or refrigerator, but did not survive drying in air. They were 
killed in five minutes at 65°C. 

With a few exceptions, the fifty-three strains tested produced 
acid, but no gas, from glucose, levulose, maltose, sucrose, raffinose, 
and dextrin after from two to six days’ aerobic or anaerobic 
incubation. Lactose, galactose, inulin, dulcitol, and mannitol 
were not attacked. Milk was not changed. Seven of thirty- 
four strains hydrolysed starch. The average pH produced by 
thirty-five strains after twelve days’ growth was 5.1. On several 
occasions, the final reaction was pH 4.8. Gelatin and blood serum 
were not liquefied. Indol, ammonia, or hydrogen sulphide were 
not formed. Nitrates were reduced to nitrites. A comparison 
of seven rough and smooth strains did not reveal significant 
differences in the rate of acid-production or the final acidity at- 
tained. Injections of freshly isolated and of subcultured rough 
and smooth strains into guinea pigs, rabbits, and mice failed to 
produce any progressive pathological reaction. 


Group II 


Filaments of Group II showed some resemblance to those of 
Group I. They were observed in only a few cultures. Butthree 
strains were successfully subcultured. Individual organisms 
varied in length from 2 to 200 uw and in width from 0.8 to 1.8 » 
(fig. 6). The filaments were generally twisted and sometimes 
showed septation. Branching occurred frequently. The ends 
were blunt or rounded and terminal clubbing was seen ona few 
occasions. The reaction to the gram stain was positive, but 
some threads decolorized completely and others only in parts. 
The Ljubinsky stain gave a granular appearance like the organisms 
of Group I. The iodin stain was negative. 

After twenty-four hours, colonies were greyish white and 
from 1 to 5 mm. in diameter. The small colonies were convex, 
the larger ones (fig. 7) raised, with an even rounded edge from 
which extended fine filamentous outgrowths. The surface was 
finely granular or fibrous. The consistency was soft and emulsi- 
fication easy. Sometimes “daughter” colonies with a smooth 
surface and even outline appeared. Growth occurred on blood, 
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ascitic, Douglas’ and meat-extract agars. In Douglas’ broth 
a slight stringy sediment was formed. 

Good growth was observed under both aerobic and anaerobi: 
conditions. Biochemical tests were completed with only two 
strains. One of these was actively saccharolytic, fermenting 
glucose, levulose, maltose, sucrose, lactose, and mannitol without 
the production of gas. Inulin was not fermented. The othe: 
did not ferment any sugar tested. Neither strain changed starch 
or milk. Gelatin and blood serum were not liquefied nor wer: 
indol or hydrogen sulphide produced. Both strains reduced 
nitrates, 


(rroup T/l1 


The organisms of Group III (fig. 8) were straight or slightly 
curved rods and filaments from 5 to 100 4 long and from 0.7 to 
1.04 thick. The ends were blunt, but occasionally rounded o1 
tapered. Irregular swollen forms were encountered. The re- 
action to the gram stain was uncertain, most elements being com- 
pletely decolorized. The Ljubinsky and iodin stains were 
sometimes weakly positive. After from seven to ten days, 
mature colonies (fig. 9) were dull grey or colorless, rough, slightly 
moist and irregularly shaped, having a slight central eminence 
from which interlacing ridges radiated to extremely filamentous 
edges. The colonies were adherent, but gelatinous and easily 
emulsified. Except in first transplants, growth occurred only 
on media containing blood and under strictly anaerobic condi- 
tions. Inenriched Douglas’ broth, a white coherent membranous 
sediment appeared which on shaking formed stringy floccules. 
Three strains produced acid without gas from glucose, maltose, 
levulose, and sucrose; one strain also fermented lactose, galactose, 
inulin, and raffinose and produced a pH of 4.2. Gelatin and 
blood serum were not liquefied. Nitrites and hydrogen sulphide 
were not produced. Indol was formed. 


Group IV 


The organisms of Group IV were from 7 to 50 m4 long and 


between 0.7 and ly broad. The ends were generally pointed, 
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but when in tandem formations, square ends occurred (fig. 10). 
Sometimes one end was swollen and the other pointed. Swelling. 
reaching a diameter of 2.5 u were found (fig. 11). The reaction 
to the gram stain was positive, but when grown on gentian-violet 
media (used for isolation), the organisms retained the gram 
stain but slightly. The Ljubinsky stain revealed no granules. 
A positive iodin reaction occasionally occurred in’ organisms 
grown on media containing sugar. After five days on blood 
agar, colonies were 1 or 1.5 mm. in diameter, colorless, umbonate, 
with an uneven surface and small tangled ridges running to the 
edge, where they formed uneven outgrowths (fig. 12). The 
colonies were soft and emulsified easily. Growth was good on 
ascitic and Douglas’ agar. In Douglas’ broth, a slight clouding 
of the medium developed after two days and a greyish-white 
sediment was formed. Growth was most satisfactory under 
anaerobic conditions, although it sometimes took place unde: 
low oxygen tensions. Acid was produced from glucose, maltose, 
sucrose, and dextrin by the sixteen strains tested and only one 
failed to ferment levulose and lactose. Inulin, mannitol, and 
dulcitol were broken down by a few strains. Acid was produced 
in milk without clotting. Only a single strain of the six tested 
had diastatic properties. Of the variable acidities produced, 
pH 4.5 was the lowest. Gelatin and blood serum were not 
liquefied, indol and hydrogen sulphide were not formed, and 
nitrates were not reduced. The single strain tested was killed 
in five minutes at 65°C. Several strains survived storage in the 
incubator for five months. 
Group V 

Organisms of Group V (fig. 13), of which only a few strains sur- 
vived subculture, were from 15 to 50 yu in length and about 0.8 u 
in diameter, the longer forms occurring in subcultures. They 
were straight or curved, with blunt, rounded, and occasionally 
tupered ends. The reaction to the gram stain was positive 
except in old and ‘“‘gentian-violet’’ cultures. The Ljubinsky 
and iodin stains were negative. The original colonies on gentian- 


violet blood agar were less than 1 mm. in diameter, having 
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inconstant, leaf-like, or ameboid shapes (fig. 14). They were 
colorless with a stippled surface and a butyrous consistency. 
Subcultured colonies generally had long rhizoid outgrowths and 
diameters of up to 8 mm. In Douglas’ broth, growth was in- 
definite. A slight flocculent precipitate sometimes appeared. 
The organisms were strict anaerobes. None of three strains 
yielding satisfactory growth fermented carbohydrates and only 
a single strain reduced nitrates. 


Group VI 
A sixth group of organisms was clearly set apart by colonial 
type, morphology, and staining reaction. These organisms have 
been described elsewhere (Knighton and Bibby, 1933) and iden- 


tified as Fusiformis polymorphus (Hine and Berry, 1937). There 
is no need for further mention here. 


Group VII 


An indefinite seventh group of filaments was created to embrace 
heterogeneous types which did not fit in any of the other groups. 
These organisms, of which only single strains were found, showed 
variable colonial form, morphology (figs. 15 to 17) and biochemical 
properties. Until more strains can be studied, detailed de- 
scriptions will serve no useful end. 


DISCUSSION 


The principal interest of the present work lies, perhaps, in 
the fact that it establishes the existence of a considerable variety 
of filamentous bacteria in the human mouth and indicates that 
there are further types which have not yet been cultivated. The 
groups recognized can be correlated with certain morphological 
types easily distinguishable in smears prepared directly from 
the mouth (Bibby and Berry, 1939) and with various organisms 
described by previous investigators. Table 1 presents a sum- 
mary of these relationships. 

Of the genera Leptotrichia, Fusiformis, or Actinomyces to which 
the oral filaments might be assigned, Groups I, IJ, III, and V 
seem to be acceptable as Leptotrichia, if Bergey’s (1934) definition 
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be accepted. Since it is only in Group I that the constituent 
strains show uniform cultural and biochemical properties, the 
suggestion of a specific name is warranted for this single group 
only. For these organisms, we propose the name Leptotrichia 
buccalis, making this recommendation in full cognizance of 
Bergey’s use of the name for another species. This suggestion 
is made because, as has been pointed out elsewhere (Bibby, 


TABLE 1 


Relationships between the cultivated mouth filaments reported herewith (Groups / 
to VI), morphologically identified filaments, and previously cultivated 
filamentous oral bacteria 


CORRESPONDING 


| 
REPORTED | monrmotoencal SIMILIAR ORGANISMS CULTIVATED PREVIOUSLY 
BERRY, 1939) = La 
I I Leptothriz (Meunier and Bertherand, 1898) 
Leptothriz buccalis (Kligler, 1915)*; (Bul- 
leid, 1924)t; (Grythe, 1933); Cladothriz 
matruchoti (Mendel, 1919); Streptothriz inter- 
| prozimalis (Fennel, 1918)$; Actinomyces 
| “Bl” and “Cl"’ (Naeslund, 1925); Lepto- 
| trichia buccalis (Howitt and Fleming, 1930) 
II 
III II 
IV III Leptothriz buccalis (Brailovsky-Lounkevitch, 
1915)t- ¢; Leptothriz innominata (Wherry and 
Oliver, 1916)t, ¢; Leptothriz (Jay, 1927)t, t 
Fusiformis dentium (Bergey, 1934)* 
V III 
VI IV Fusiformis polymorphus (Bergey, 1934) 


* Growth characteristics different from those reported herewith. 
t Biochemical characteristics different from those reported herewith. 
t Morphological characteristics different from those reported herewith. 


1935), we consider the organisms of the species in question, 
Leptotrichia buccalis (Robin) Trevisan, to be bacilli which have 
no place in the genus Leptotrichia. 

The classification of the organisms in Group IV presents 
another difficult problem. Their properties embrace some of 
those considered to be characteristic of both the genera Lepto- 
trichia and Fusiformis. Because present systems of classification 
offer no significant points of distinction between these genera 
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(although they are assigned to different bacterial families, Actino- 
mycetaceae and Mycobacteriacae respectively), there seem to be 
no cogent reasons for preferring either genus. 

The failure to find a significant difference between the occur- 
rence of filaments in healthy and diseased mouths suggests that 
these organisms are not important in oral disease. The high 
concentration of acid formed by some of the strains in carbo- 
hydrate-containing media, however, supports the possibility that 
these filaments may have an important part in the causation of 
dental caries (Kligler, 1915). Furthermore, the adherent prop- 
erties of the colonies of the organisms in Group I, which fix them 
tenaciously to the side walls of a glass culture-tube, points to 
the possible importance (Bulleid, 1924, Bibby, 1935) of this 
type in the formation of salivary calculus. The characteristic 
arrangement of filaments on the surfaces of the teeth suggests 
that they may exert a determining influence on the flora there. 
Thus the possibility of their playing an indirect but significant 
role in the mouth, by determining the basic nature of the oral 
flora as a whole, cannot be disregarded. 


SUMMARY 


By the use of anaerobic methods and of a wide variety of cul- 
ture media, a large number of strains of filamentous bacteria have 
been isolated from the mouth. On the basis of a study of the 
morphology and the characteristics of growth of the eighty-three 
strains which were successfully carried in subculture, a tentative 
working division into seven groups is proposed. Of these, six 
groups have distinct characteristics. Only two, however, can 
be identified with organisms which have been isolated by previous 
investigators, although organisms showing some resemblance to 
a third group have been described. Four of the groups of fila- 
ments have the characteristics of the genus Leplotrichia, one 
those of the genus Fusiformis, and one those of both genera. Of 
all the groups, only one embraced strains all of which were alike 
in biological properties. For these organisms we suggest the 
name Leptotrichia buccalis because they represent the most 
commonly isolated of the culturable oral filaments. 
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During the past few years, several investigators have advocated 
the use of temperatures lower than 46°C. in the Eijkman test 
for Escherichia coli. Levine, Epstein and Vaughn (1934) sug- 
gested a temperature of 43° to 44°C. as optimum for selective 
growth of Escherichia coli in both the original Eijkman medium 
and in Standard Methods lactose broth. Their Aerobacter strains 
were markedly inhibited in both media at this temperature while 
some cf the Citrobacter strains showed gas in the original Eijkman 
medium. None of the Citrobacter strains, however, produced 
gas at these temperatures in Standard Methods lactose broth 
of the A.P.H.A. 

Skinner and Brown (1934) criticized the Eijkman test because 
strains of Escherichia coli failed to grow in Eijkman’s or Bulir’s 
medium if the tubes were placed directly in a water-bath at 46°C, 

Wilson (1935), using the MacConkey medium, observed that 
practically all indol-positive strains of Escherichia coli grew well 
and produced gas from lactose at 44°C. None of his strains of 
Aerobacter aerogenes produced gas at this temperature and very 
few grew at all. 

Minkevich, Alexandrov and Sobelova (1936) reported that a 
temperature of 46°C. did not hinder their Escherichia coli cultures 
from fermenting mannitol in Bulir’s medium if inoculated heavily, 
but in many cases, they contended, the high temperature of 46°C. 
repressed growth of small numbers. Therefore, they proposed 
to make fermentation tests in Bulir’s medium at 43° to 43.5°C. 

Dodgson (1938) who has studied the application of the coliform 
index of pollution to shellfish for a number of years has concluded 
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“there can be no legitimate standard of purity for purified shellfish 
based on tests carried out at a temperature of 37°C.” The 
practical limitations of using 37°C. for isolation of Escherichia coli 
from shellfish have been demonstrated time and again by ex- 
tensive data on this subject by Perry and Hajna. Dodgson 
uses MacConkey’s lactose bile medium at a temperature of 44°C. 

The authors made a limited study in 1936 (unpublished) of 
incubation temperatures ranging from 40° to 49°C., for selective 
growth of Escherichia coli and other members of the coliform 
group. They used their own medium consisting of peptone, 
buffers, sodium chloride and glucose. Their observations led 
them to believe that a temperature greater than 45°C. (tempera- 
ture of the medium, not of the incubator) was essential for the 
suppression of coliform types other than Escherichia coli. 

One of the authors (A. A. Hajna, 1937) investigated the ability 
of bacteria of the genus Escherichia to decompose various carbo- 
hydrates other than glucose at 46°C. The substances tested 
were (monosaccharides) mannose, fructose, arabinose, xylose; 
(disaccharides) maltose, lactose, sucrose, trehalose; and (alcohols) 
mannitol, dulcitol and adonitol. It was found that with the 
exception of dulcitol and adonitol, all three substances were 
fermented at 46°C. as readily as at 37°C. They were substituted 
for glucose in the basic medium of Perry and Hajna mentioned 
above. 

Hajna also observed that buffers enhanced gas production by 
the Escherichia organisms both at 37°C. and at 46°C. whereas 
meat extract restrained it. Aerobacter and Citrobacter cultures, 
however, were not tried. 


PURPOSE OF PRESENT STUDY 


The primary purpose of the present investigation has been to 
determine if incubation at temperatures less than 46°C. could be 
used as a selective test for Escherichia coli. A second objective 
was the determination of the comparative value of MacConkey’s 
broth (as suggested by Wilson and Dodgson) and the authors’ 
modified Eijkman lactose broth at 44°C. Since glucose, lactose 
and mannitol have all been found valuable and have been recom- 
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mended at times, these three carbohydrates were used. Tem- 
peratures of 42°, 44° and 46°C. were considered to constitute an 
adequate range for the purpose of this study. 


CULTURES AND METHODS 


Nearly all cultures! of the coliform group were freshly isolated 
from various materials under routine investigation. The Aero- 
bacter and Citrobacter strains were alternately subjected to serial 
transfers in Koser’s synthetic citrate medium and on Levine's 
eosin methylene-blue agar plates until their purity was beyond 
question. All of the cultures were grouped according to their 
biochemical reactions in various differential media (see table I). 

Tests for indol were made with Ehrlich’s reagent, on 18 to 24- 
hour cultures grown in Bacto-tryptone broth. 

Aerobacter aerogenes was differentiated from Aerobacter cloacae 
by means of the hippurate test rather than by the time-consuming 
gelatin liquefaction test. Hippurate was considered to be hy- 
drolyzed if cultures grew and caused definite turbidity in the 
synthetic medium devised for this test by Hajna and Damon 
(1934). If the medium remained clear at the end of three days 
incubation at 37°C., the reaction was considered negative. 

The composition of the authors’ modified Eijkman medium is: 


Peptone (Bacto) 15 grams 
Sodium chloride 5 grams 
Dipotassium hydrogen phosphate (anhydrous) 4 grams 
Potassium dihydrogen phosphate (anhydrous) 1.5 grams 
Lactose, glucose or mannitol ...... 3 grams 
Distilled water 1 liter 


The final hydrogen-ion concentration of the medium without 
titration is approximately 6.9. 
The formula of the MacConkey broth as used by Wilson is: 


Peptone (Bacto) 20 grams 
Sodium chloride 5 grams 
Lactose 10 grams 
Sodium taurocholate 5 grams 


Distilled water on 1 liter 
! The authors wish to thank Dr. Ralph Tittsler of the University of Rochester, 
for some of the Aerobacter cultures and for 24 Citrobacter cultures. 
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Each liter of broth was titrated to pH 7.4 and filtered before 
10 ml. of 1 per cent aqueous solution of neutral red was added. 

Both media were tubed in approximately 5 ml. amounts, with 
inner fermentation tubes. The inoculated tubes of media were 
placed in wire test-tube racks throughout the experiments. 


GAS PRODUCTION FROM GLUCOSE, LACTOSE AND MANNITOL BY 
COLIFORM BACTERIA AT TEMPERATURES OF 42°, 
44° anv 46°C. 


All of the inoculations were made by a loop from 24-hour 
Bacto-tryptone broth cultures. Gas production was noted at 24 
and 48 hours. The final readings as given in the tables are those 
made at 48 hours. Only one temperature (46°C.) was used for 
the Escherichia organisms since at that temperature, they fer- 
mented the carbohydrates and alcohols with ease and it was 
pointless to use lower temperatures. Incubation was in a Castle 
air incubator (the temperature being that of the medium, not 
of the incubator). 

Most of the Aerobacter aerogenes strains produced gas from all 
three substances, glucose, lactose and mannitol at 42°C.; many 
at 44°C., but few at 46°C. The same temperature selection 
held for both the Aerobacter cloacae and the Citrobacter strains 
except that none of them produced gas from either glucose or 
lactose at 46°C. 

On the other hand, all of the 1,374 Escherichia organisms pro- 
duced gas from mannitol at 46°C.; only four failed in glucose and 
five in lactose, though growth was heavy. The strains failing 
at 46°C. were all isolated from raw sewage. 


COMPARISON OF MacCONKEY’S MEDIUM AND THE AUTHORS’ 
MODIFIED EIJKMAN LACTOSE MEDIUM AT 44°C. 


In the comparative study of MacConkey’s broth with that of 
the authors, two tubes of each medium were inoculated from the 
same broth culture. One set of the tubes for each medium was 
incubated in the Castle air incubator while the other set was 
incubated in a water-bath. A United States Bureau of Standards 
thermometer was used to register correct temperatures. A 
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fluctuation of 0.5°C. above and below 44°C. was noted in the 
water-bath, whereas in the air incubator the fluctuation in the 
tube temperature was 0.3°C. 

Wilson contended that the temperature in a water-jacketed 
incubator is never quite uniform. He advocated the use of a 
water-bath in which the tubes are practically immersed, the water 
being set at 44°C. The authors’ experience indicates that an 
air incubator is preferable to a water-bath. The lag of an hour 
or two before the tubes reach the high temperature, is actually 
desirable since it apparently permits the Escherichia organisms 
to acclimatize themselves to the higher temperature. 


TABLE 2 
Gas production from lactose at 44°C. in two types of media by bacteria of the 
coliform group 


TYPE OF INCUBATION 


NUMBER 
oF 
COLIFORM GROUP STRAINS a , 
ani. Air (water-jacketed) Water-bath 
LATED : on 
Eijkman MacConkey Eijkman MacConkey 

Aerogenes See 85 55 69 33 
Cloacae 62 3 3 5 3 
Citrobacter. .... a 45 | 1 1 0 0 
66 50 


Escherichia. . . 66* 66 64 


* Of human origin. 


All of the Escherichia strains (66 of human origin) produced 
gas from lactose in the authors’ medium at 44°C. whether the tests 
were incubated in an air incubator or in a water bath, while in 
MacConkey’s medium, 2 failed to produce gas from the incubator 
tubes and 16 from the water-bath tubes. Most of the Aerobacter 
cloacae (62) and Citrobacter (45) strains failed to produce gas at 
this temperature in both the water-bath and the air incubator. 
However, many of the Aerobacter aerogenes strains grew and 
produced gas at this temperature. Many more of the Aerobacter 
aerogenes organisms, however, were inhibited in MacConkey’s 
than in the authors’ medium. 

Most of the tubes of MacConkey’s medium had an average of 
about 10 to 20 per cent of gas in the inner tubes, in contrast to 
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the average of 30 to 60 per cent in the authors’ medium. Very 
few of the cultures of the entire coliform group could be success- 
fully re-isolated from MacConkey’s medium at the end of 48 
hours of incubation at 44°C. Escherichia coli, however, is readily 
recovered from the authors’ medium after 96 hours and longer. 


DISCUSSION AND CONCLUSION 


Shellfish, water, sewage and other materials usually harbor a 
mixture of various coliform bacteria. In order to isolate Esch- 
erichia coli from these substances, it is necessary to suppress the 
growth of other coliform types. The only method which has so 
far been found practical for the isolation of Escherichia coli from 
materials harboring other coliform organisms is incubation at a 
temperature high enough to suppress the growth of such inter- 
fering coliform types. At a temperature of 45° to 46°C., coliform 
types other than Escherichia coli usually fail to grow and produce 
gas from a suitable carbohydrate. Escherichia coli strains, on the 
other hand, seldom fail to grow and produce gas if a suitable me- 
dium is properly used. The isolation of Escherichia coli from such 
gas tubes by streaking on to plates of eosin methylene-blue agar 
medium is relatively simple. Almost pure cultures are usually 
obtained on such plates, whereas plates made from gas tubes 
obtained at temperatures of 44°C. or at 37°C. frequently contain 
a mixture of spreading mucoid colonies of Aerobacter aerogenes 
or Aerobacter cloacae which are apt to have overgrown any Esch- 
erichia coli present. Further difficulty may arise from inability 
to distinguish Citrobacter colonies from those of Escherichia coli. 
Temperatures between 45° and 46°C. inhibit the Citrobacter types 
and eliminate this difficulty. 

The authors (1933) studied the unsatisfactory features of the 
Eijkman test. The original Eijkman medium contained a large 
amount of glucose which resulted in the rapid formation of a 
lethal amount of acid. They recommended the reduction of 
the carbohydrate to 0.3 per cent and the addition of phosphates 
to neutralize the acid formed from the carbohydrate. The 
modified Eijkman lactose broth has been found superior to 
MacConkey’s. The superiority appears to be due to the lower 
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concentration of carbohydrate, the presence of suitable buffers, 
and to the use of a water-jacketed air incubator. 

An air incubator, if properly controlled, has been found pref- 
erable to incubation in a water-bath since more strains of 
Escherichia coli grow and produce gas. A number of strains 
of Escherichia coli in our series, failed to produce gas from Mac- 
Conkey’s medium in a water-bath at 44°C., while many of the 
Aerobacter aerogenes types grew at this temperature. Most, 
but not all, of the Escherichia coli strains grew and produced gas 
at 44°C. in MacConkey’s medium, in an air incubator, but more 
of the Aerobacter aerogenes strains also grew in the air incubator 
than in the water-bath. 

Our findings are, therefore, not in complete agreement with 
Wilson’s who claimed MacConkey’s medium to be highly selective 
for Escherichia coli under these conditions. It should be borne 
in mind, however, that organisms of the Aerobacter group are 
not usually found, to a large extent, in shellfish except under 
certain conditions. For this reason, temperatures as low as 
44°C. may be found practical even though not completely selec- 
tive. Since in our experience, an incubator temperature between 
45.5° and 46°C. (temperature of medium in tubes will be between 
45.2 to 45.7°C.) is easily obtained with a good water-jacketed 
incubator, and since Escherichia coli is not suppressed to any 
appreciable extent in the authors’ medium whereas practically 
all strains of Citrobacter, Aerobacter cloacae and Aerobacter aero- 
genes are suppressed, we believe this temperature is most 
satisfactory. 
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For some time we have been interested in culturing hemolytic 
streptococci on a medium of known composition. Such a medium 
has not yet been developed for any of these organisms. The 
nearest approach to this goal has been reported by Rane and 
Subbarow (1938) for the Dochez NY5 strain of hemolytic strep- 
tococci. The earlier attempts to discover the necessary growth 
factors have been summarized by Hutner (1938). 

Our method of attack on the problem has been to treat a com- 
plex medium in some way to selectively destroy certain factors, 
and then to attempt the identification of these necessary com- 
pounds. Alkali treatment of a complete medium was found to 
destroy its ability to support growth. However, additions of 
riboflavin, pantothenic acid concentrates, and one of a number of 
reducing substances restored the medium to its former effective- 
ness. The need for riboflavin exhibited by various hemolytic 
streptococci, but not by all of the organisms used in this study, 
has been previously reported (Knight, 1938; Rane and Subbarow, 
1938; Orla-Jensen, Otte, and Kjaer, 1936). The requirement for 
pantothenic acid and for a reducing compound has not been 
observed before. 


EXPERIMENTAL PART 
Cultures and assay methods 
The organism used mostly in this study was Streptococcus 
epidemicus strain X40. Later in the study several other strains 


This work was supported in part by a grant from the Wisconsin Alumni 
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of S. epidemicus, as well as other species of hemolytic streptococci, 
were used in order to test the applicability of our findings on 
strain X40 to related organisms. Unless otherwise specified, 
all observations were made on the X40 strain. 

For assay purposes, tubes containing 20 ml. of the medium 
to be tested were inoculated with a small standard loopful of a 
12-hour culture of the organisms in the Bactotryptone-liver 
extract-glucose-salts medium described below. The tubes were 
maintained at 37° for 36 hours, and were then examined quanti- 
tatively for turbidity in an Evelyn photoelectric colorimeter 
(Evelyn, 1936). Tubes of uninoculated media of the same com- 
position as those being assayed were used to set the instrument at 


TABLE 1 


Stimulatory effect of riboflavin, pantothenic acid, and reduced iron 


COLORIMETER 


READING 
(1) Untreated medium... 75 
(2) Alkali-treated medium ' 99 
(3) (2) + pantothenic acid + reduced iron 99 
(4) (2) + pantothenic acid + riboflavin 94 
(5) (2) + riboflavin + reduced iron 97 
(6) (4) + reduced iron on 65 


Riboflavin and pantothenic acid each one microgram per ml.; reduced iron 
200 micrograms per ml. 


a reading of 100. The media in which growth had occurred were 
turbid and hence gave readings of less than 100, and the reading 
obtained served as a quantitative measure of the amount of 
growth. Tests showed that maximum turbidity was obtained 
after about 24 hours, and that the reading then remained constant 
for several days. 

Media 


The organism grew fairly well (see table 1) in a medium con- 
taining Bactotryptone 0.5 per cent, liver extract? 0.02 per cent, 
NaCl 0.5 per cent, MgSO,-7H,O 0.04 per cent, CaCl, 0.01 per 


2 We wish to thank Dr. David Klein of the Wilson Laboratories for generous 
gifts of liver extract. 
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cent, K,HPO, 0.1 per cent, glucose 0.1 percent. A basal medium, 
on which no growth occurred, was produced by adjusting the 
above medium (minus glucose and phosphate) to pH 13, auto- 
claving for 15 minutes, and acidifying. The acid solution was 
concentrated under reduced pressure and made up to the original 
volume. Glucose and phosphate were then added and the pH 
was adjusted to 7.4. The concentration of the acid solution was 
carried out to remove H,S formed from alkali-labile —SH com- 
pounds. This was necessary in order to demonstrate the effect 
of sulfide (see below). 


Effect of lactoflavin, pantothenic acid, and reduced iron 


Preliminary experiments with adsorbents had indicated the 
need for lactoflavin. For example, if the liver extract were 
adsorbed on norit, and the adsorbate eluted with pyridine and 
alcohol, the eluate plus filtrate would not support growth, but 
these two plus riboflavin gave good growth. 

The alkali-labile growth factors that have been recognized are 
lactoflavin, pantothenic acid, thiamin and cozymase. Additions 
of these compounds to the basal medium did not make growth 
possible. However, when reduced iron (finely-divided elemental 
iron) was added, good growth was obtained when lactoflavin and 
pantothenic acid were the only other additions. Cozymase* and 
thiamin had no detectable effect. The data showing the effects 
of all three accessory factors, and of each possible pair, are given 
in table 1. 


Is pantothenic acid the active material in the concentrates? 


Since pantothenic acid has not been obtained pure, the question 
arises as to whether the activity of the pantothenic acid concen- 
trates is due to that substance, or to some other material. Fortu- 
nately, through the courtesy of Dr. R. J. Williams and Dr. E. E. 
Snell, we were able to obtain pantothenic acid concentrates of 
varying degrees of potency which had been made by two different 
procedures (Williams et al., 1938; Snell et al., 1938). Calcium 


* The cozymase was a pure preparation of von Euler, kindly supplied by A. E 
Axelrod. 
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pantothenate of 40 and 80 per cent purity was obtained from 
Dr. Williams, and material found to be 1 per cent pantothenic 
acid (assayed by Dr. Snell) was prepared according to the method 
of Snell, Strong, and Peterson (1937). From the data in table 2, 
it can be seen that the activities of these preparations were pro- 
portional to their pantothenic acid contents. 

Williams (1938) has shown that pantothenic acid is composed of 
8-alanine united to an hydroxy acid in amide linkage. With 
this formula in mind, we attempted to inactivate our concentrate 
with alkali, extract out the acid fragment, and recombine it with 


TABLE 2 
Comparison of the effect of various pantothenic acid concentrates 


| 
AMOUNT OF | COLORIMETER 


| AMOUNT OF 
concermnsme | sammormaane | “Secnare 
| micrograms | micrograms | 
per mil. per ml. | 
(| 0.02 | 0. 
40 per cent calcium pantothenate | : y 0 y | Se 
' ‘| 0. 
80 per cent calcium pantothenate { ~y : - 
(| 
1 per cent pantothenic acid \| = aa - 
Resynthesized liver concentrate 10 77 
Synthesis from deaminated lysine 10 80 


B-alanine to yield an active material. This was done as follows. 
The pantothenic acid concentrate prepared by the method of 
Snell, Strong, and Peterson was heated on the steam bath in 
normal alkali for 1 hour. The solution was then acidified and 
extracted with ethyl acetate. The extract was acetylated (to 
protect the hydroxyl groups) and then treated with thiony| 
chloride. The resulting mixture of acid chlorides was added to a 
pyridine solution of 8-alanine ethyl ester. The pyridine was 
next removed under reduced pressure, the residue taken up in 
dilute HCl, and the solution extracted with ethyl acetate. The 
extracted material was allowed to stand in alcoholic alkali for 1 
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hour at room temperature in order to remove the ester and acety! 
groups. (The ester-acetates were inactive.) After neutraliza- 
tion, the material was assayed and found to be active. 

A purely synthetic preparation of what may be a homolog of 
pantothenic acid was made as follows. Lysine was deaminated, 
and the hydroxy acid extracted with ethyl acetate. When this 
acid was carried through a similar procedure to the above, a 
product was obtained which had about 0.1 per cent of the activity 
of pantothenic acid. The ester-acetate of this material was 
inactive. 


TABLE 3 


Response to various amounts of riboflavin and pantothenic acid 


PANTOTHENIC ACID RIBOFLAVIN REDUCED IRON COLORIMETER READING 

micrograms per ml. micrograms per mil. micrograms per ml. 
0.001 1 200 86 
0.01 1 200 75 
0.1 1 200 68 
0.5 1 200 66 
1.0 1 200 65 
1.0 0.001 200 80 
1.0 0.01 200 75 
1.0 0.1 200 68 
1 


0 1 200 70 


These experiments strongly indicate that pantothenic acid is 
the active substance in the concentrates. Furthermore, they 
seem to indicate that the active substance is composed of an 
hydroxy acid and §-alanine, and thus conform to Williams’ views 
on the structure of pantothenic acid. 


Optimum concentrations of riboflavin and pantothenic acid 


In order to determine the response to various levels of ribo- 
flavin and pantothenic acid, the basal medium was supplemented 
with 1 microgram per ml. of one, and the concentration of the 
other was varied. By this technique, it appeared that 0.1 
microgram per ml. of riboflavin and 1 microgram per ml. of pan- 
tothenic acid was adequate. In some runs 0.1 microgram per 
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ml. of pantothenic acid gave just as good results as the 1 micro- 
gram level. Representative data are tabulated in table 3. 


The need for reducing substances 


It was noted above that the basal medium plus riboflavin and 
pantothenic acid supported good growth only when reduced iron 
was added. Sodium sulfide itself gave no stimulation, but when 
added along with the iron, more growth was obtained than when 
the iron alone was used. Various other reducing substances 
could replace the iron, although they did not seem to be quite as 
effective. Thus, vitamin C, glutathione, or thioglycollic acid 
produced some effect (table 4). In order to avoid destruction 


TABLE 4 
Effect of various reducing substances 





COMPOUND | AMOUNT ADDED COLORIMETER READING 
| 


micrograms per mil. 


Reduced iron..... oN ae 200 65 
NaSH : 100 98 
Reduced iron + NaSH 200 + 100 60 
Vitamin C 100 81 
Glutathione 100 79 


Thioglycollic acid 100 82 


Each tube contained 0.1 microgram each of pantothenic acid and riboflavin in 
addition to the alkali-treated medium. 


by heat, these compounds were sterilized by filtration and added 
aseptically to the tubes just before inoculation. 

The results illustrated in table 4 are in harmony with the 
hypothesis that alkali-labile reducing substances were present in 
the liver extract or tryptone. In view of the unspecific nature of 
the reducing substance, it would be interesting to try the effect 
of reduced iron on organisms reported to require vitamin C, or 
glutathione. 


Application to other hemolytic streptococci 


In order to test the general applicability of the results obtained 
with S. epidemicus strain X40, a number of other hemolytic 








D- 


C 








GROWTH FACTORS FOR HEMOLYTIC STREPTOCOCCI 291 


streptococci were used. Three additional strains of S. epidem- 
icus, C108, X32, and W116-7 were found to have requirements 
similar to those of X40. The effect of sodium sulfide was most 
clearly shown in the case of W116-7 (table 5). 

Streptococcus pyogenes strain J17A4 (Lancefield type A) and 
Streptococcus equi strain F132 (Lancefield type C) behaved as did 
the strains of S. epidemicus, except that with S. pyogenes the 
need for sodium sulfide was pronounced. A Lancefield type B 
organism, Streptococcus mastitidis strain O-90R, and a Lancefield 
type D, Streptococcus zymogenes strain H-6905, failed to grow on 
the alkali-treated medium, but grew quite well if any two of the 


TABLE 5 


Comparison of the response obtained with various streptococci 


COLORIMETER READINGS OBTAINED WITH 


MEDIA S. epidemicus . s 
S Pyo- ame 

x32 | cios {wis-7| “" | genes 

(1) Alkali-treated basal 100 100 100 100 % 
(2) (1) + riboflavin + pantothenic acid 93 93 96 100 65 
(3) (1) + riboflavin + reduced iron 100 97 100 100 72 
(4) (1) + pantothenic acid + reduced iron 95 96 | 100 | 100 90 
(5) (2) + reduced iron 70 58 95 100 45 
(6) (5) + sodium sulfide 66 58 73 55 56 


Riboflavin and pantothenic acid each 0.1 microgram per ml.; reduced iron and 
sodium sulfide each 100 micrograms per ml. 


factors were added. However, better growth was obtained by 
supplying all three compounds. A Lancefield type F (strain 
H60R) refused to grow even on the untreated basal medium. 
Representative data are shown in table 5. 


SUMMARY 


By the use of an alikali-treated medium it has been shown that 
a number of hemolytic streptococci require riboflavin, pantothenic 
acid, and a suitable reducing compound. No reducing substance 
was found to be specific, for vitamin C, glutathione, thioglycollic 
acid, or reduced iron were each found to be effective for Strepto- 
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coccus epidemicus. For most of the organisms examined, sodium 
sulfide was beneficial, and for a few it appeared to be essential. 
A few organisms were found which required some, but not all, 


of the alkali-labile factors. 
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The preparation of highly active concentrates of a substance 
essential for the growth of all lactic acid bacteria tested was 
described by Snell, Strong and Peterson (1937). Further at- 
tempts to purify this substance are reported below, together with 
results which show that the active substance is pantothenic acid 
(Williams (1938a), cf. Snell et al. (1938a)). Nicotinic acid is also 


shown to be essential for some species of lactic acid bacteria. 


EXPERIMENTAL 
Methods 


The basal media A and B, the cultures used, and the details of 
carrying out the fermentations have been previously described 
(Snell et al. (1937) ). Medium A must be supplemented with 
tryptophane, and B with riboflavin, for use with organisms which 
require these substances (Snell and Strong (1938b) ). 

Bacterial response has been determined in the present work by 
measuring acid production or in some cases by measuring relative 
turbidity by the photoelectric colorimeter (Evelyn (1936) ). 
Light transmission of the uninoculated medium was adjusted to 
100, and the per cent of this transmitted by the inoculated tubes 
after 24 to 48 hours incubation was read directly from the gal- 


1 Published with the approval of the Director of the Wisconsin Agricultural 
Experiment Station. 
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vanometer scale. Overhead lights must be off while such read- 
ings are being made to prevent reflection of stray light into the 
photoelectric cell by the turbid suspension. The 540 mu filter was 
used with medium B because at this wave-length light absorption 
of the medium was only slightly greater than that of distilled 
water, and turbidities could thus be measured with less inter- 
ference. 


Identity of pantothenic acid with the growth factor for 
lactic acid bacteria 


Through the kindness of Professor R. J. Williams it was possible 
to compare two preparations of pantothenic acid with our liver 
concentrates. These samples, designated I and II, contained 
40 and 83 per cent respectively of calcium pantothenate. Sample 
I replaced the standard liver extract (Snell et al. (1937)), and 
contained one unit? of activity in approximately 0.15 microgram 
(table 1). The activity of sample I, like that of our liver con- 
centrate, was destroyed by heating in 0.05N NaOH at 100° for 
one hour. 

The effects of I and II in promoting growth and acid produc- 
tion by Lactobacillus casei are compared in table 2. The activity 
of II was almost exactly twice that of I. The latter was easily 
detectable at 0.001 microgram per ml. One unit of pure panto- 
thenic acid would correspond to approximately 0.06 microgram. 

The action of I and II on nine other species of lactic acid bac- 
teria, all of which require our growth factor, is shown in table 
3. Sample II completely replaced the liver fractions except 
for Lactobacillus delbriickit and Lactobacillus mannitopeous. Some 
activity was evident in these cases, but growth did not take place 
on subculture into the same medium, even though a large excess 
of I (100 micrograms per 10 ml.) was added. Evidently some 
other growth factor is required by these two species. All of the 
other species could be subcultured repeatedly in the medium 


2 One unit of activity is defined as that weight of material which must be added 
to 10 ml. of medium to produce a response equal to that given by 0.05 mgm. of a 
standard liver preparation. With L. casei, 1 unit of the growth factor gives 
approximately 4 maximum fermentation under the conditions used. 
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supplemented with I; no growth occurred in its absence. The 
behaviour of L. delbriickii lessened its utility for assays, and L. 


TABLE 1 


Comparison of activity of 40 per cent calcium pantothenate (sample 1) with standard 
liver preparation* 


STANDARD LIVER PREPARATION 40 PER CENT CALCIUM PANTOTHENATE (SAMPLE !) 


Untreated Alkali Treated 
Amount added Incident light 


per 10 ml. transmitted Amount added _ Incident light | Amount added Incident light 
per 10 ml. transmitted per 10 ml. transmitted 
micrograms per cent micrograms per cent micrograms per cent 
0 93 0 91 0 93 
30f 71 0.05 86 1.0 93 
62 0.10 79 3.0 92 
150 46 0.30 5.0 93 
0.5 44 10.0 94 
1.0 40 
5.0 41 


* Lactobacillus casei in Medium B. Incubation time, 30 hours at 37°C. 
+ One unit. 


TABLE 2 


Quantitative comparison of the activity of samples I and II in promoting growth 
and acid production of Lactobacillus casei* 


40 PER CENT CALCIUM PANTOTHENATE (1) 83 PER CENT CALCIUM PANTOTHENATE (II 


Amount added | Acid produced Amount added Acid produced 


per 10 ml. per 10 ml. Visible growth per 10 ml. per 10 ml. Visible growth 


micrograms cc.0.1N micrograms ec. 0. 
0.00 i —_ 0.00 
0.05 ; + 0.025 j + 
0.10 3. ++ 0.05 3.3 ++ 
0.30 . +++ 0.15 5.8 +t+T 
0.50 5.8 ++++ 0.25 = ++++ 


* Medium B. Incubation time, 4 days at 37°C. 
t — indicates no visible growth; + slight growth; ++ fair growth; +++ 
heavy growth; +++-+ very heavy growth (with sediment). 


casei was substituted for it in later work. Table 3 again shows 
sample II to be approximately twice as active as sample I. 
The similarity between chemical properties of our growth factor 
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and those of crude pantothenic acid has been borne out by recent 
reports of Williams and co-workers (1938a, b). Both substances 
are inactivated by alkali or acid, by acetylation or esterification, 
and both are comparatively resistant to oxidation by hydrogen 
peroxide. Further evidence for the identity of the two consists 
in the partial synthesis of pantothenic acid described below. The 
active substance in the liver preparations thus appears to be 
identical with pantothenic acid, and will be so designated. 


TABLE 4 
Stability of pantothenic acid in the alkaline range 





TIME OF TREATMENT*® 
pH a ; aE OE pe ee es EL PS ACTIVITY 
At room temperature | At 100°C. 


hours micrograms per unit 


= 


1 
1 
l 
1 
l 
1: 
1 
1 
1 
3 


uo 


* Samples were held first at room temperature, then at 100° for the time in- 
dicated. 


A modified procedure for preparing pantothenic acid concentrates 

Assays for pantothenic acid have been made on medium B with 
L. casei because this organism grows well on repeated subculture 
in medium B plus pantothenic acid, and thus obviates complica- 
tions arising from lack of unrecognized nutritive factors. 

To determine more accurately the alkali stability of the active 
substance, a liver preparation containing one unit of activity per 
microgram (approximately six per cent pantothenic acid) was 
treated with various buffers as indicated in table 4. The activity 
was retained at pH 11 at room temperature for 24 hours, but was 
diminished at pH 10 when the mixture was heated to 100°. 
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Almost none of the active substance was adsorbed from liver 
extracts by an equal weight of norite at pH 9, although the solu- 
tion was almost entirely decolorized. At pH 3 or 4 adsorption 
was almost quantitative. On the basis of these results a modified 
procedure, avoiding use of lead acetate, was developed. 

One hundred fifty grams of the alcohol-soluble liver fraction® 
(1 unit in 0.05 mgm.) was dissolved in 500 ml. of water, filtered, 
and diluted to seven liters. NaOH was added to pH 9, 120 grams 
of Pfansteihl Norit A added, the mixture stirred for one hour, and 
filtered. The filtrate was adjusted to pH 3.8 with H,SO,, 95 
grams of norite added and the mixture again stirred for one hour. 
The norite was filtered off, washed once in water, then eluted 
three times by stirring for 15 minutes with 500-ml. portions of 
a pyridine-ethanol-water mixture (1:1:2). The solvents were 
removed below 40° by distillation under reduced pressure. The 
eluate (about 18 to 20 grams) was dissolved in 100 ml. of water, 
adjusted to pH 6.3 with NaOH, and extracted continuously with 
ether for two days. The inactive extract was discarded, the pH 
of the residue adjusted to 1.0 with H,SO,, and ether extraction 
continued for 48 hours. The extract, approximately 3.3 grams., 


contained one unit of activity in 0.8 microgram (approximately 
6.5 per cent pantothenic acid), which accounts for about 90 per 
cent of the original activity. Attempts to carry out this proce- 
dure on kilogram batches of material resulted in much poorer 
yields, probably because of destruction during ether extraction. 

The ether extract may be further purified by reéxtraction with 
ether, or by salt fractionation. 


Fractionation of the sodium salts of the ether extract 


To 1.3 grams of an ether extract in water solution, NaOH was 
added to pH 7.5. The solution was concentrated to dryness, and 
the sodium salts were extracted with two 25 ml. portions of ab- 
solute alcohol, which removed 1.02 grams. To 200 mgm. of this 
preparation dissolved in 15 ml. of absolute alcohol, was added 


* That portion of an aqueous extract of liver soluble in 92 per cent alcohol. 
The authors wish to thank Dr. David Klein of Wilson and Company, Chicago, 
for supplying this material. 





GROWTH FACTORS FOR BACTERIA 299 


15 ml. of acetone, and the resulting precipitate (A) centrifuged 
out. The supernatant liquid was concentrated to dryness, the 
residue dissolved in 7 ml. of absolute alcohol, and 18 ml. of ace- 
tone added. The precipitate (B) was removed, the supernatant 
liquid concentrated to dryness, the residue dissolved in 5 ml. 
absolute alcohol, and 50 ml. of acetone added. The precipitate 
(C) was centrifuged out, and the mother liquors concentrated to 
dryness (D). 


ACTIVITY 


we ‘ 
IGHT ONE UNIT TOTAL UNITS RECOVERED 


mgm. micrograms per cent 
Starting material 200 0.83 241,000 

32.6 3.0 10,900 4.5 

40.0 0.9 44,400 18.4 

45.0 0.4 112,500 46.7 

67.0 1.5 44,700 18.6 


Eighty-eight per cent of the original activity was recovered 
in the four fractions. The most active fraction was not precip- 
itated from absolute alcohol by 72 per cent acetone, but was 
precipitated by 91 per cent acetone. 


Fractionation of the barium salts of the ether extract 


To a solution of 2.65 grams of ether extract (1 unit in 2.0 
micrograms; 3.1 per cent pantothenic acid) Ba(OH),. was added 
to pH 7.5, the solution concentrated to 25 ml., and 300 ml. of 
alcohol added slowly with stirring. The insoluble material was 
centrifuged out, washed with alcohol, and discarded. The 
supernatant liquid and washings were concentrated to dryness, 
the residue was dissolved in 10 ml. of water and barium removed 
exactly by adding H,SO, and centrifuging. The solution of free 
acids was concentrated to dryness under reduced pressure and 
gave 259.2 mgm. of a light yellow syrup, which contained one unit 
of activity in 0.25 microgram (25 per cent pantothenic acid). 
An almost 10-fold concentration and 78 per cent recovery of 
activity was obtained. This procedure regularly gave concen- 
trates containing 10 to 15 per cent of pantothenic acid, and often 
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as above, better. This fraction represents the purest preparation 
of pantothenic acid obtained in this work. 


Organic derivatives of pantothenic acid 


(a) Acetyl derivatives. To 78.8 mgm. of ether extract was 
added 0.5 ml. acetic anhydride and 1 ml. of dry pyridine. The 
mixture was heated one hour at 100°, and evaporated to dryness 
under reduced pressure. The residue weighed 99.2 mgm. and 
was completely inactive. The acetyl derivative was hydrolyzed 
by heating in a sealed tube at 100° for one hour with a methy| 
alcohol solution of NH; (saturated at 0°). Some of the un- 
acetylated material was treated in the same way as a control. 


ACTIVITY 


WEIGHT ONE UNIT TOTAL UNITS RECOVERED 


mgm. micrograms | per cent 
Starting material 77.8 1.2 65,600 
Acetylated material... 99.2 Inactive 
Hydrolyzed acetylated material 1.4* 70 , 800 
Hydrolyzed starting material 78.8 1.4 56, 200 


* Expressed in terms of acetylated material. 


Although ether solubility was greatly increased by acetylation, 
no fractionation was effected by use of this property. 

(b) Methyl ester. 110 mgm. of ether extract were dissolved 
in 5 ml. of methanol, cooled to 0° and an excess of diazomethane 
in ether added. Nitrogen evolution was slow. After one-half 
hour evolution of gas ceased and the solution was concentrated to 
dryness. 

Hydrolysis with alcoholic ammonia gave inconsistent results, 
but the ester was successfully hydrolyzed as follows: to a solution 
of 9.5 mgm. in 5 ml. of methanol was added 5 ml. of 2.4 N KOH 
in methanol. One aliquot was allowed to stand at 25° for one 
hour, another was heated at 100° for 40 minutes. Each was 
neutralized with HCl in methanol, and assayed. Suitable con- 
trols assayed at the same time showed that the KCl or methanol 
in the concentrations necessary for the assay had no inhibitory 
effect on growth. 
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ACTIVITY 
RECOVERED 
| 


WEIGHT ONE UNIT TOTAL UNITS 


mgm. micrograms 
Starting material 110 1.7 
Esterified material 95.1 Inactive 
Esters hydrolyzed at 25° Bw 
Esters hydrolyzed at 100° Inactive 


per cent 


* Expressed in terms of esterified material. 


This hydrolysis procedure was also successfully applied to the 
acetyl derivatives. 

(c) Methyl ester of the acetyl derivative. 1.16 grams of ether 
extract acetylated as above were dissolved in a mixture of water 
and ether, and the ether layer shaken five times with equal 
volumes of water. Evaporation of the ether left 0.252 gram of a 
transparent, red-brown, oily liquid. The aqueous solution was 
concentrated to dryness at reduced pressure, the residue dissolved 
in 60 ml. of absolute methanol, and 345 mgm. of diazomethane in 
ether solution added. The vigorous initial effervescence slowed 
and stopped after 45 minutes. The solution was concentrated to 
a syrup, which was taken up in water and ether and shaken out 
three times with equal volumes of ether. The yellow ether solu- 
tion, after removal of the solvent, left 0.766 gram of a red-brown 
liquid. Evaporation of the aqueous solution yielded 0.433 gram 
of red-brown glassy solid. 


TOTAL ACTIVITY 


Oo . 
WEIGHT NE UNIT UNITS RECOVERED 


grams micrograms per cent 


Starting material 1.16 2.3 505,000 
Ether soluble acetylated material 0.252 9.5° 26 , 500 
Water soluble acetylated material 1.27 Not assayed 

Ether soluble esterified material 0.766 2.4* 319,000 
Water soluble esterified material 0.433 3.6* 120 ,000 


* Hydrolyzed with CH,;OH—KOH in each case before assaying; weights ex- 
pressed in terms of unhydrolyzed material. 


Distillation of pantothenic acid derivatives 


Preliminary determinations of the heat stability of pantothenic 
acid, its methyl ester and its acetyl derivative showed that stabil- 
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ity to heat was markedly increased by esterification, especially 
acetylation. The samples were placed in test tubes, heated in 
an oil bath, and hydrolyzed where necessary before being assayed. 


HEAT TREATMENT 
MATERIAL - —_ ONE UNIT DESTRUCTION 


| Time | Temperature 


min. 
Ether extract 
Ether extract Ios 111-117 
Ether extract......... 145-155 
Acetylated material 
Acetylated material......... | 145-155 
Esterified material ; 
Esterified material..........| } 11-117 | é 29.5 
Esterified material sj | 145-155 ‘ 48.5 





In an attempt to distill the free acid 129 mgm. of an ether 
extract was placed in a molecular still‘ and held at 72 to 75° and 
10-* mm. for 2.5 hours. The colorless, oily distillate (I) was 
removed from the condenser and the residue held at 85° and 2 x 
10-* mm. for 1.25 hours. The distillate (II), and final residue 
(III) were collected separately and assayed. 





WEIGHT 

| mgm. 
Starting material............ 129 
Distillate (I) ae ama 36 
Distillate (II)...... | 610 
Residue (III) 71 0.45 


The large loss of activity in the distillation of the free acid and 
the increased heat stability of the methyl ester and acetyl deriva- 
tive suggested use of such derivatives for distillation. Since the 
methyl ester of the acetyl derivative should be most stable and 
volatile, it was selected for further trials. 

Although distillation of some acetylated esterified material 


‘ In this still the distance between the condensing surface, which was kept cold 
with dry ice and acetone, and the material to be distilled was approximately 
0.4 cm. 
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in the molecular still showed that the active compound distilled 
without destruction, no appreciable fractionation resulted; a still 
with greater fractionating powers was necessary. A second 
sample was therefore distilled from an apparatus similar to that 
used by Almquist (1937). It consisted of a glass tube sealed at 
one end and divided by constrictions into equal compartments, 
A, B, and C, A being at the closed end. The sample was placed 
in A, and the tube evacuated to 0.1 mm. A was heated electri- 
cally to 100 to 130°, B to 60 to 70°, and C left at room temper- 
ature. After one hour, the tube was broken at the constrictions, 
the fractions in the compartments were removed and aliquots 
hydrolyzed for assay. 


ACTIVITY 


| 
TOTAL UNITS RECOVERED 


per cent 
Starting material.... 
re Inactive 
Fraction B... aah 
Fraction A (residue).. ‘ ' 


264,000 


| 
| 


30,000 | wu 
261,000 99 


At the lower pressure, the undistilled material was most active, 
and considerable purification resulted. Subsequent distillation 
of Fraction A in the molecular still effected no increase in activity. 


A partial synthesis of pantothenic acid 


Lability of pantothenic acid to alkali and acid treatment is 
ascribed by Williams (1938a) to hydrolysis into 6-alanine and a 
dihydroxy valeric acid. If this explanation is correct, reactiva- 
tion of alkali-inactivated concentrates should follow recombina- 
tion of the two components. This was accomplished as follows: 

An active concentrate (38 mgm., 5.1 per cent pantothenic acid, 
one unit in 1.2 micrograms) was completely inactivated by heat- 
ing at 100° with 10 ml. of N NaOH forone hour. After neutral- 
ization with HCl, the hydrolysate was concentrated to dryness 
and acetylated by heating for one hour at 100° with 3 ml. of 
pyridine and 10 ml. of acetic anhydride. After concentrating 
to dryness, 10 ml. of water was added, the mixture acidified with 
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H.SO, (pH 2.0), and extracted continuously with ether for 2 
hours. The extract was concentrated to dryness, and the acetyl- 
ated acids redissolved in absolute ether. The acid chlorides of 
the mixture were formed by allowing the solution to stand (with 
occasional shaking) at room temperature for 3 hours with 0.2 
gram PCl;. Three cubic centimeters of anhydrous acetic acid 
were added to react with excess PCl;, and the resulting solution 
concentrated to dryness in vacuo. To a solution of the resulting 
acid chlorides in absolute ether was added an ether solution 
containing 0.5 gram of §-alanine ethyl ester. The mixture was 
concentrated to dryness. The residue, which should contain the 
acetyl derivative of the ethyl ester of pantothenic acid, was 
dissolved in methanol and hydrolyzed with methyl-alcoholic 
KOH as described above. Assay showed one unit of activity in 
1.8 micrograms (3.3 per cent pantothenic acid). Therefore, 65 
per cent of the original activity was recovered by the resynthesis. 
In conjunction with data given above, this experiment furnishes 
conclusive evidence of the identity of the active factor in our liver 
concentrates with pantothenic acid. 


Nicotinic acid as a growth factor for lactic acid bacteria 


The identification of pantothenic acid as essential for growth 
of lactic acid bacteria made it desirable to test the ability of these 
organisms to grow on a more highly purified medium containing 
this substance. The basal medium consisted of acid-hydrolyzed, 
purified casein, 0.5 per cent; tryptophane, 0.01 per cent; cystine, 
0.01 per cent; mineral salts;* glucose, 1 per cent; sodium acetate, 
0.6 per cent; riboflavin, 0.01 mgm. per 100 ml. The medium was 
tubed in 10 ml. lots, sterilized for 15 minutes at 15 pounds pres- 
sure and inoculated with the test organism. For inoculum, cells 
grown for 24 hours in medium B supplemented with pantothenic 
acid concentrates were centrifuged out and resuspended in an 
equal volume of 0.9 per cent NaCl solution. Each assay tube was 


5 Labco vitamin-free casein was hydrolyzed with 20 per cent H,SO, at 120° 
for eight hours. H,O, was quantitatively removed with Ba(OH)». 

* K,HPO,, 0.5 gram; MgSO,-7H.0, 0.2 gram; NaCl, 0.01 gram; FeSO,-7H,0, 
0.01 gram; MnSO,-3H,9, 0.01 gram; in 1000 ml. of medium. 








See ai dnt 
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inoculated with 0.05 ml. of this suspension. Of the organisms 
tested none made more than slight growth and this only occasion- 
ally. Such growth was probably due to carry-over of essential 
substances with the heavy inoculum, because it did not continue 
on subculture. Evidently essential substances, present in the 
hydrolyzed peptone of medium A, and the sodium-hydroxide- 
treated peptone of medium B, were lacking. That nicotinic acid 
is one such substance is evident from table 5. Nicotinic acid 


TABLE 5 
Nicotinic acid as a growth factor for certain lactic acid bacteria* 





MICROGRAMS NICOTINIC ACID 


ADDED PER 10 ML. ACcTIViTYt 
ORGANISM 


-2- Se t- *. 4-6 1 eS. +S b e d e 


Lactobacillus arabi- 


nosus............| 0 |0.1/0.5) 1 3 + (+¢44/4+4+4+ 444+ 444+ 
1.7) 4.7 | 5.2 | 5.3 | 5.2 
Lactobacillus casei.| 0 (0.1/0.3) 0.5 1 + ++ 444444444 


| a2 4 4.3 5.4 6.6 5.4 
Leuconostoc mesen- } 


teroides vt 2. 1288 PL hh ee) 
FAB? et gee eee 
pentosaceum. . ; 0 /0.1;0.5; 1] 8 + + + + + 


Streptococcus lactis.| 0 


| 
| 
Propionibacterium | 
| 


Cries} 1ia)4+!|4¢)41¢i! 4 
10; 1.2/1.2] 2.1] 1.1 





* Incubation time, 5 days. L. casei at 37°C.; all other organisms at 28°C. 
t —, + etc. asin table 2. Figures are ml. of 0.1 N acid produced per 10 ml 
of medium. 


greatly stimulated growth of L. casei and Lactobacillus arabinosus 
in the first culture, but growth failed on subculture, probably 
because of a lack of other essential growth factors. The other 
organisms, data for three of which are given in table 5, failed to 
show significantly increased growth in the presence of nicotinic 
acid. All grew well when small amounts of yeast, liver or malt 
extract were added to the basal medium. The nature of the 
additional factor or factors necessary for growth is being investi- 
gated. The effect of such extracts cannot be duplicated by 














306 E. E. SNELL, F. M. STRONG AND W. H. PETERSON 


pimelic acid, 8-alanine, uracil, pyruvic acid, vitamin B,, vitamin 
B,,’ inositol, betaine, nicotinic acid or glutathione, alone or in 
various combinations. 


DISCUSSION 


Four lines of evidence point to the identity of the growth factor 
for lactic acid bacteria (Snell et al. (1937) ) with pantothenic acid. 
(1) Purified preparations of pantothenic acid completely replace 
growth factor preparations for a variety of lactic acid bacteria. 
(2) 83 per cent calcium pantothenate is almost exactly twice as 
active as 40 per cent calcium pantothenate. This relationship 
would be very improbable if an impurity were responsible for the 
effect. (3) The formula for pantothenic acid, proposed by Wil- 
liams (1938a) explains the known properties of the growth- 
promoting factor for lactic acid bacteria. The proposed formula 
is that of a substituted amide, formed from #-alanine and a 
dihydroxy-valeric acid of unknown configuration. Hydrolysis 
of the amide linkage explains lability of the growth factor to 
acid and alkali. The presence of hydroxyl and carboxyl groups 
explains inactivation by acetylation and esterification. Marked 
water solubility and limited solubility in ether would also be 
expected in a compound of this type. (4) The active substance 
in our concentrates has been destroyed by alkaline hydrolysis, and 
an active compound resynthesized on the basis of the formula for 
pantothenic acid suggested by Williams. 

The assay which has been developed for the present work 
appears to be a specific and quantitative method for determining 
pantothenic acid, and may prove useful in view of the growing 
biological importance of this substance. 

The essential nature of pantothenic acid for P. pentosaceum is 
not in agreement with the reports from this laboratory by Wood 
et al. (1937, 1938), although the same strain of organism (no. 11, 
Hitchner (1934)) was used. The failure of pantothenic acid 


7 We wish to thank Dr. 8. Lepkovsky for a sample of crystalline vitamin Bg. 

* The figures given are those kindly furnished by Professor Williams. Wher- 
ever the pantothenic acid content of a fraction is given in this paper it has 
been referred to these values as standard. 
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preparations, alone or in combination with other known growth 
factors to replace ether extract of yeast, must be attributed to 
some unrecognized deficiency in the basal medium used. 

Moller (1938) reported that vitamin B, is required by certain 
lactic acid bacteria. We have been unable to detect any clear- 
cut stimulating action of this vitamin on L. casei, but this result 
may be due to the lack of a suitable basal medium. 

The number of known accessory factors for the lactic acid organ- 
isms is now raised to four (riboflavin, pantothenic acid, nicotinic 
acid, and vitamin B,). It is also evident that others remain to 
be discovered. 


SUMMARY 


The factor previously described as necessary for growth of all 
lactic acid bacteria tested has been identified with pantothenic 
acid. Convenient methods for the preparation of highly active 
concentrates of this substance are described, together with ex- 
periments which give further information concerning its proper- 
ties. 

Nicotinic acid greatly stimulates growth and acid production 
by some but not all lactic acid bacteria, and is regarded as es- 
sential for certain of these organisms. Other unidentified factors 
are also required by these bacteria for growth on highly purified 


media. 
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Knowledge concerning the enzymic systems of various patho- 
genic bacteria and their dependence on specific vitamins or ac- 
cessory substances is still rather vague. The work of Davis 
(1917), Thjétta and Avery (1921), and Fildes (1921) has demon- 
strated that Hemophilus influenzae requires two substances for 
its growth: x, a heat-stable substance, probably hematin, and v, 
a heat-labile substance. Kligler (1919) showed, in an extended 
study on the growth requirements of certain pathogenic bacteria 
(Corynebacterium diphtheriae, meningococcus, etc.), that minute 
quantities of tissue extractives, or extracts of nasal mucous se- 
cretion are either essential for growth or have a stimulating 
effect. More recently Knight (1937) has shown that nicotinic 
acid was essential for the growth of Staphylococcus aureus, and 


1 Note: The experiments reported in this paper were carried out with the 
Schering-Kahlbaum peptone fiir bacteriologische Zwecke. Since the paper was 
submitted for publication, we changed over to Difco peptone and failed to dupli- 
cate the results. A comparative test with three peptones showed that work on 
the effect of nicotinic acid can only be carried out satisfactorily with synthetic 
media or with peptone free from nicotinic acid. The fermentation of glucose in 
media made with the different peptones is summarized below. The media con- 
tained 0.3 per cent peptone, 0.1 per cent glucose, salt solution as given in the body 
of the paper, and 10y nicotinic acid per ml.: 


| 


SCHER.-KAHL RIEDEL DIFCO 
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Mueller (1937) has reported that C. diphtheriae can be cultivated 
on synthetic media if nicotinic acid and § alanin are added. 
Since nicotinic acid forms a part of the fermentation enzyme of 
Warburg and functions as a cozymase, we have undertaken a 
study of the relation of this substance, if any, to the fermentative 
capacities of the various species of the colon-typhoid-dysentery 
group of bacteria. A preliminary note dealing principally with 
Shigella dysenteriae (Shiga), has already been published (Kligler 
and Grosowitz, 1938). The object of this paper is to report the 
results of experiments with representative species of this group 
of fermenting bacteria. 


EXPERIMENTAL 
Methods 


In order to exclude, in so far as possible, unknown substances 
and at the same time avoid expensive and complicated synthetic 
substrates, the experiments were conducted with a semi-synthetic 
medium. The basis of this medium was peptone, which pro- 
vided a mixture of the various amino-acids required for growth; 
all the other ingredients were chemically pure substances. The 
basic solutions used throughout these experiments consisted of 
the following: 

A. Salt mixture: 


per cent 
EE poNg tee cee cee 5% het ssh leteueaeteawesenttesciseeked 0.5 
Na:HPO,-2H,0 PLEO Ee SPN es TE peers, 

ers. «..... SRR 2 Piper ea khtecadetaine Lak ..... 0.085 
MgCl;...... Ege eRe es eet at ee OO Seen 0.03 

* Fe and Mn Ha, ay yO alta og a i ae hk en trace 


These salts were dissolved in distilled water and filtered through 
a Seitz filter. 

B. A stock solution of peptone dissolved in distilled water and 
autoclaved. 

C. The glucose and vitamin solutions respectively were dis- 
solved in distilled water and sterilized by filtration through 
Seitz filters. 

The liquid media were prepared by adding desired amounts of 
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solutions B and C to the stock salt solution. Solid media were 
prepared by adding the requisite amount of a stock solution of 
agar in distilled water, to give a concentration of two per cent. 
The agar-agar used was first thoroughly washed with distilled 
water, dried and then the stock solution made up in distilled 
water. 

Fermentation in solid media 


An orientation experiment was made by growing the various 
strains on a solid medium consisting of the stock salt solution, 


TABLE 1 
Growth and glucose fermentation in the experimental solid medium with and without 
nicotinic acid 


GROWTH AND FERMENTATION 


STRAIN 


Without With Russell 
nicotinic acid | nicotinic acid double sugar 
Eberthella typhosa H 441 + - 4 
Salmonella paratyphi A 0 + +G 
Salmonella paratyphi B +G +G +G 
Escherichia coli ; +G +G +G 
Shigella dysenteriae Shiga (Parker 
strain) 0 + + 
Shigella dysenteriae Flexner ; — + + 
Shigella dysenteriae Y ea - + + 


Note: 0 = no growth; — = poor growth, no acid; + = growth & acid forma- 
tion; G = gas. 


0.3 per cent peptone, 0.2 per cent glucose, 2 per cent agar and 
andrade indicator. One set of tubes contained nicotinic acid, 
the other did not. The usual stab and slant inoculations were 
made as in Russell double sugar media. Ordinary nutrient 
double sugar tubes were inoculated for comparison. The re- 
sults are summarized in table 1. It is apparent from the data 
that there are marked differences in the behavior of the different 
species of bacteria. In the medium without nicotinic acid the 
dysentery bacilli as a group either fail to grow or grow poorly 
without evidence of fermentation of the glucose. The same is 
true of paratyphoid A. The other species tested grew well and 
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were able to ferment glucose without the aid of nicotinic acid. 
It is of interest also to note that paratyphoid A produced acid 
but no gas in the synthetic medium containing nicotinic acid. 
These points will be dealt with in detail below. 

It would seem that this relatively simple semi-synthetic 
medium with glucose and andrade indicator may serve to differ- 
entiate paratyphoid A from B and S. dysenteriae from E. typhi. 

In order to ascertain whether the paratyphoid A and dysentery 
strains required vitamins or growth-stimulating substances 
other than nicotinic acid, these strains were grown on the stock 


TABLE 2 


Growth and glucose fermentation in media containing various vitamins with and 
without nicotinic acid 


SHIGA FLEXNER PARATYPHI A 
Without nicotinic acid: 
Control 0 - 0 
ly/ ml. B, 0 - 0 
107/ml. B, ae ype 0 — 0 
107/ml. 8 alanin 7 0 0 
107/ml. 8 alanin + B;.... 0 = 0 
2007/ml. ascorbic acid - - - 
With nicotinic acid: 
107/ml. Nicotinic acid. . + + + 
N+ Bi + + + 
N + 86 alanin + + + 
N + ascorbic acid + + + 
+ + + 


N + 6 alanin + B,... 


medium described above, to which various substances were 
added. The results are summarized in table 2. None of the 
accessory substances added, with the exception of nicotinic 
acid, had any effect on the growth or fermentation of the bacteria 
used. As in the preceding experiment the dysentery strains 
grew in all media not containing nicotinic acid but did not pro- 
duce acid. On the other hand, in the corresponding media 
containing nicotinic acid, all strains grew much more abundantly 
with the production of acid along the stab inoculation. It 
should be noted that in this series of media also the paratyphoid 
A strain failed to produce gas. 
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A clearer picture of the influence of nicotinic acid on those 
bacteria which failed to give evidence of fermentation in the solid 
glucose medium devoid of this substance, was obtained by noting 
the acid production and sugar utilization in liquid media. The 
medium was prepared in the manner described above. To avoid 
carrying over traces of accessory substances with the bacteria, 
small inocula were used (about 100 cells) of a broth culture 
diluted in saline. Where for comparison larger inocula (1 million 
cells) were used, the broth cultures were washed twice in saline 
and saline suspensions used for inoculation. All experiments 
were repeated at least once. Since there was practically no 
deviation in the results, only typical experiments are given. 


The effect of various concentrations of peptone on the amount of 
sugar utilized 


This experiment is illustrative. The media were the same 
in every other respect, except that they contained varying con- 
centrations of peptone. The same inoculum was used. The 
glucose was determined by the Lehmann-Maquenne method. 

The results are summarized in table 3. It will be noted that, 
to a limited extent, the concentration of peptone influenced the 
degree of sugar utilization. This is presumably due to the effect 
of peptone on the rate of growth, since more prolonged incubation 
decreased the differences. However, the data, whether after 
twenty-four or forty-eight hours incubation, show clearly that 
in the absence of nicotinic acid there is a small, though constant 
destruction of glucose (11 per cent) in all tubes, whereas in the 
presence of nicotinic acid over 90 per cent of the glucose is utilized 
in all tubes containing 0.2 per cent peptone or over. Longer 
incubation does not affect these results. 

It is difficult to account for the small but consistent destruction 
of glucose in the absence of nicotinic acid. As already stated, the 
fact that even this degree of utilization is influenced by the con- 
centration of peptone and the incubation time, would indicate 
that the loss is due to cell activity. It must be assumed, however, 
that this glycolysis differs in character from that taking place in 
the presence of nicotinic acid. 
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Experiments to determine the effect of nicotinic acid on cell 
activity as shown by the duration of the lag period did not always 
give consistent results. In general there were indications of a 
small decrease in the duration of the lag in media containing 
nicotinic acid, but the differences were not sufficiently marked to 
suggest that this substance was essential for stimulating cell 
metabolism other than as a cozymase in glucose fermentation. 


TABLE 3 
Influence of nicotinic acid on the utilization of glucose by S. dysenteriae (Shiga), 
in media containing varying concentrations of peptone 


GLUCOSE REMAINING IN 9 ML. OF MEDIA: 
INCUBATION CONCENTRATION 





TIME aT 37°C. OF PEPTONE | > ho? eee 7 age ~——_reerammeen 
With nicotinic acid Without nicotinic acid 
hours | per cent mgm. per cent mgm. | per cent 
24 0.1 4.96 60.0 | 8.24 98.0 
0.2 1.82 220 | 7.50 | 90.0 
0.3 0.65 | 80 | 7.2 | 89.0 
0.4 0.56 | 70 | 7.18 | 89.0 
0.5 0.80 =| 80 | 7.19 | 89.0 
48 0.1 | 3.99 47.0 7.24 89.0 
0.2 0.76 9.0 7.2 | 89.0 

0.3 0.62 7 


7.0 2 | 89.0 

The results of a typical count are given below. The media 
contained 0.3 per cent peptone. To one set 8 alanin was also 
added. 





WITHOUT NICOTINIC ACID; 
COUNT PER ML. AFTER 
MEDIUM I HOURS 


WITH NICOTINIC ActD (107/mu.) 
COUNT PER ML. AFTER HOURS: 


2. 3.2 2s .5 £4 O18. i 4.4.8 8 


Stock exper. medium ..| 50 | 75 | 87 | 590.4,000) 64 | 111, 242 1,690 8,600 
Stock + 107/ml. 6 alanin..... | 43 127 720 4,500 72, 247/1,650 8,900 


Influence of nicotinic acid on the utilization of glucose by various 
species of dysentery bacilli (other than Shiga) 


In the preliminary tests in the solid medium the Flexner strain 
used behaved in the same manner as did the Shiga strain. It 
was of interest, however, to note whether all types of dysentery 
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bacteria require nicotinic acid. The procedure was the same as 
in the preceding experiments. The medium contained 0.3 per 
cent peptone and 0.1 per cent glucose. The cultures were in- 
cubated for 48 hours at 37°C. and the glucose content determined. 
The results are shown in table 4. It will be noted that all of the 
type cultures used with the exception of two strains of Flexner 
failed to ferment glucose in the absence of nicotinic acid. The 
two strains which did not require nicotinic acid, fermented 
mannitol and maltose and were agglutinated to the full titre by , 
a specific Flexner serum. The tests were repeated in liquid and 
solid media with the same results. It would seem, therefore, 


TABLE 4 


Influence of nicotinic acid on the fermentation of glucose by various dysentery 
bacteria (incubation 48 hours at 37°C.) 








GLUCOSE REMAINING IN 9 ML. OF MEDIA: GROWTH IN SOLID MEDIA 


With N Without N 
acid acid 


With nicotinic acid | Without nicotinic acid 


mgm. | percent | 
93.0 
91.0 
3.0 
2.0 
81.0 
89.0 


| 7, 93.0 | 


Flexner. . 
Flexner x 
Flexner z 
Flexner w..... 
Strong. ... 





eooosoo 
SReORBE } 





that the Flexner strains vary in their need of nicotinic acid and 
represent in this respect an intermediate or transitional stage in 
the loss of ability to produce the cozymase. Those strains which 
corresponded with the Shiga type gave the same results: in the 
absence of nicotinic acid a small, limited, portion of the glucose 
disappeared but the process always stopped at the same point. 


Influence of nicotinic acid on glucose fermentation by S. paratyphi A. 


The preliminary tests on the solid semi-synthetic medium in- 
dicated that paratyphoid A differs from the other typhoid-para- 
typhoid bacteria in its inability to ferment glucose in the absence 
of nicotinic acid. The following are the results of a typical 
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analysis in the liquid medium containing 0.3 per cent peptone 
and 0.1 per cent glucose. The period of incubation was forty- 
eight hours at 37°C. 


WITHOUT NICOTINIC ACID, WITH NICOTINIC ACID, GLUCOSE 
GLUCOSE REMAINING REMAINING 
Pilea ios mga. per cent mgm. on ent 
E. typhi 441...... 1.14 13.0 0.35 4.0 
S. paratyphi A..... Y 6.64 79.0 0.64 7.0 


An interesting problem was raised by the fact that in the 
medium used in these experiments, even when nicotinic acid was 
added and the sugar was practically completely utilized, no gas 
was formed. At first it was assumed that another substance was 
lacking in our medium which was present in nutrient broth—a 
carboxylase, which the organism could not synthesize. However, 
a variety of experiments showed that the controlling factor was 
the temperature of incubation. When the culture was grown in 
fermentation tubes in nutrient glucose broth and duplicate 
tubes incubated at 30 and 37°C. respectively, only a small amount 
of gas was produced at 37°C. and at least four to five times as 
much at 30°C. In the synthetic medium the differences were 
even more marked; as a rule no gas appeared at 37°C., while 
there was an appreciable amount at 30°C. 

Table 5 summarizes the results of several experiments. The 
medium contained 0.3 per cent peptone and 0.2 per cent glucose. 
The incubation time was 48 hours. The inocula, etc. in the 
tubes incubated at the different temperatures were always 
identical. 

The addition of B-alanin, d-alanin and B,, singly and in combi- 
nation, did not alter the results. 

In order to rule out the possibility that these results were only 
apparent, due to a greater solubility of the CO, at 37°C., we 
determined the glucose consumed and the lactic acid produced 
at the two temperatures. The analyses were as a rule made in 
media containing 0.3 per cent peptone and 0.2 per cent glucose. 
For comparison, analyses were also made in media containing 
only 0.1 per cent glucose. The average results of a large series 
of experiments are summarized in table 6. 
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It will be noted that while 0.1 per cent glucose (1 mgm. /ml.) 
is completely used up at both temperatures, the amount of lactic 
acid produced at 37°C., is one and a half times that at 30°C. 
When 0.2 per cent glucose is used, more sugar is consumed at 
30°C. than at 37°C., with more acid produced at the latter 
temperature; in this case also, the amount of lactic acid produced 
at 37°C. is about 50 per cent greater than at 30°C. 

As in the previous experiments, a certain amount of glucose is 
used up in the nicotinic-acid-free medium. The amount used is 


TABLE 5 


Gas production in the nicotinic acid medium in fermentation tubes incubated at 
30 and 87°C. respectively 

















incoas ja a nl WITH NICOTINIC ACID | WITHOUT NICOTINIC ACID 
. 
30 1 Growth good, 1.1 ml. gas Growth poor, no acid, no gas 
2 2.0 ml. gas Same as one 
3 0.9 ml. gas Same as one 
4 0.6 ml. gas 
Broth 3.0 ml. gas 3.0 ml. gas 
Broth 3.1 ml. gas 3.1 ml. gas 
Broth 2.1 mi. gas 
37 1 Growth good, acid, no gas | Growth good, no acid, no gas 
2 Growth good, 0.3 ml. gas Growth good, no acid, no gas 
3 | Growth good, acid, no gas | Growth good, no acid, no gas 
4 Growth good, acid, no gas | Growth good, no acid, no gas 
| Broth 0.5 ml. gas 0.5 ml. gas 
Broth 0.8 ml. gas 0.8 ml. gas 
| Broth 0.5 ml. gas 





small and is the same at both temperatures. It may well be that 
in addition to glucose fermentation, the organisms tested are 
also capable of a limited direct attack on the glucose molecule. 
This, however, is a matter for future investigation. 

The only other organism of this group which showed this 
peculiar effect of temperature was Paratyphoid C. This organ- 
ism does not require nicotinic acid. On the other hand, it uses 
up more sugar and produces more gas at 30°C. than it does at 
37°C. No differences, however, were found in the quantities of 
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lactic acid produced. The average results of a series of experi- 
ments in our semi-synthetic medium containing 0.3 per cent 
glucose are summarized below. There were, of course, differ- 


TABLE 6 


Glucose consumed and lactic acid produced by S. paratyphi A. at 30 and 87°C. 
respectively; incubation period 48 hours 














30°C, 37°C. 
CONCEN- Pwoltes a eee we ae tae oe wax! 
TRATION | Glucose consumed; Lactic acid prod.; | Glucose consumed; Lactic acid prod. ; 
OF SUGAR mgm./10 ml. mgm./10 ml. mgm./10 ml. mgm./10 ml. 
| Niet | Nie— | Nie + | Nie— | Nie+ | Nie— | Niet | Nic— 
per cent | “a cracses ow 
0.1 | Complete! 0.65 | 1.23 Complete} 1.21 2.00 | 
0.2 | 15.50 | 1.25 | 3.21 | 0.24 | 13.40 | 1.92 | 4.54 | 0.26 





ences between individual experiments, but the trend was always 
the same and the averages represent the characteristic findings: 














TEMPERATURE | “ee — = | GAS PRODUCED; ML. 
See nail a ae ae.) ae eee 
°C, | 
30 21.27 3.43 | 2.3 
37 17.82 3.37 1.6 





It will be noted that the temperature effect is not as marked 
as in the case of Paratyphoid A; nevertheless, there is a distinct 
difference in the rate of fermentation at the two temperatures. 

These results indicate that there is a new factor influencing the 
fermentation of glucose by these paratyphoid organisms which 
has not hitherto been taken into account. This effect is most 
marked in Paratyphoid A. It is difficult to explain how the 
temperature inhibits the further breakdown of the intermediate 
products of glucose fermentation, but the results are quite clear 
and consistent. At 37°C. the fermentation proceeds to the acid 
stage and the glycolysis continues until the accumulated acid 
inhibits further growth. At 30°C., on the other hand, the acid 
products are more readily broken down to gas, growth proceeds 
further and more sugar is utilized than at 37°C. This accounts 
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also for the fact that in the medium used growth was always 
better at 30°C. than at 37°C. 
DISCUSSION 

The results presented in this paper indicate that there are aspects 
of carbohydrate fermentation by bacteria which still require 
elucidation. Even in the colon-typhoid group of bacteria, the 
representatives of which have been extensively studied, new, 
fundamental differences have been found to exist in the enzymic 
apparatus of the various species. These differences have hitherto 
been obscured by the presence of an accessory substance in the 
nutritive medium used. It is conceivable that some of the con- 
tradictory results regarding the ability of this or that organism 
to ferment a given carbohydrate or to produce gas, were due to 
the variable concentrations of accessory substances in different 
batches of media, different conditions of incubation or some 
other as yet undefined factor. 

The data presented above show that not all the species of the 
colon-typhoid-dysentery bacteria are possessed of a complete 
enzymic apparatus for the utilization of sugar. The colon bacilli, 
Eberthella typhosa and Salmonella paratyphi B. can ferment 
glucose in a semi-synthetic medium which does not contain 
nicotinic acid. On the other hand, Salmonella paratyphi A. 
and the various strains of dysentery bacilli cannot ferment. glu- 
cose in this medium unless nicotinic acid is added. Nutrient 
broth evidently contains nicotinic acid, because the addition of 
a small quantity of broth to our medium has the same effect as 
nicotinic acid. Another fundamental difference is thus found to 
exist between the two types of paratyphoid, A. and B. An addi- 
tional simple means of differentiation is thus made available. 

Of special interest is the observation of the effect of tempera- 
ture on the further breakdown of lactic or some other acid in 
glucose fermentation. This phenomenon has been observed in 
the case of paratyphoid A and C, respectively, but not in the 
other strains of paratyphoid or in the coli strains tested. 

We have not been able to elucidate the nature of the inhibition 
produced by temperature. The analyses indicate that with 
paratyphoid A. the failure to produce gas is accompanied by an 
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accumulation of lactic acid. It would seem, therefore, that the 
higher temperature inhibits the action of an enzyme, probably 
of the nature of a carboxylase. The fact that temperature can 
exert such an influence has apparently hitherto been overlooked. 

Apart from the general interest these observations may have 
in relation to carbohydrate fermentation by bacteria, it may well 
be that the deterioration of the enzymic system of these organ- 
isms may have some bearing on their specific parasitism and 
invasiveness. ‘The whole question requires re-investigation in 
the light of the newer knowledge of the relation of accessory 
substances to the physiologic activity of bacteria. 


SUMMARY 


Salmonella paratyphi A. and the various species of Shigella 
dysenteriae are unable to ferment glucose in semi-synthetic media 
which do not contain nictotinic acid. The Flexner strains are 
variable in this respect. 

A high incubation temperature (37°C.) inhibits partially or 
wholly, according to the nature of the medium, the production of 
gas by Salmonella paratyphi A. and C. respectively, but not by 
other species of paratyphoid or coli bacilli tested. 
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Sanarelli (1891) is believed to have been the first to employ 
collodion sacs in animal experimentation. Subsequently, sacs of 
different types have been used in various in vivo experiments by a 
number of investigators (see bibliography). Alcohol-ether collo- 
dion was employed in each case for the preparation of the semiper- 
meable membranes. In order to withstand the distorting effect of 
the intestinal movements, the collodion had to be of rather high 
concentration, with correspondingly low permeability. In under- 
taking the present work, it was felt that certain investigations 
could be made much more satisfactorily if sacs could be prepared 
that were more permeable and at the same time more rugged than 
those that had been previously described. According to Elford 
(1931), acetic-acid collodion membranes are not only of a higher 
order of permeability than those of alcohol-ether collodion, but 
they are also highly heteroporous. The use of this fragile 
material necessitated the finding of a practical support. Fouard 
(1909) impregnated wire gauze with collodion. This type of 
support was tried and was found to be highly practical. The 
description by Gates (1921) was used as the point of departure in 
trying to prepare a highly permeable yet sturdy modification of 
his type of sac. After a considerable number of failures, a 
satisfactory sac has been evolved which is quite different from 
that of Gates. However, many of his practices, particularly 
those concerning the handling of sacs, have been incorporated. 


1 Presented before Eastern New York Branch of the Society of American 
Bacteriologists, December 2, 1938, Albany, New York. 
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In brief, the sac consists of a semipermeable membrane supported 
by a cylinder of stainless-steel wire gauze closed at one end with 
molded carnauba wax and capped at the other end also by wax, 
through which a glass tube passes. The technic of manufacturing 
the framework is an empirical one, the detailed procedures having 
been adopted after trial and error.* 


MATERIALS AND METHODS 
Materials 


The equipment used in making the framework of the sac is 
displayed in plate 1. Carnauba wax is melted in a glass beaker, 
ready to be pipetted to the two glass molds. The first mold 
consists of 9-mm. glass tubing that widens at the top to form a 
glass cup 2 cm. in diameter and 1.5 em. high. The tube is filled 
with melted paraffin to within 2.5 cm. of the bottom of the cup. 
The paraffin hardens and forms a permanent plug. The mold 
thus prepared is held in a vertical position by means of clamps. 
The second mold, of the same dimensions as the cup of the first, 
is made by severing the bottom part of a test tube with a hot 
wire. The tubes that form the openings into the collodion sacs 
are made of 6-mm. glass tubing cut into 3-cm. lengths and fire- 
polished. Rectangles of 100-mesh stainless-steel wire gauze, 
4 by 3 cm., to be used as supports for the semipermeable mem- 
branes are scrupulously cleaned in boiling 25 per cent sodium 
hydroxide, rinsed in water, dipped in acetone, and dried in air. 
They are curved into cylinders with the long dimension as cir- 
cumference. 


Manufacture of framework 


Before pipetting the wax into the molds, the inner surfaces 
are wiped with vaseline to prevent the wax from adhering at any 
point. One of the 3-cm. glass tubes is lowered into the first mold 
so that one end rests on the paraffin plug and the other projects 
up into the glass cup. Enough water is now delivered into the 
tube portion of the mold to fill it up to the bottom of the cup. 
Next, carnauba wax is allowed to run into the mold from a pipette 


? The work was done with the assistance of Charles A. Clark. 
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until it all but reaches the top of the 3-cm. glass tube. It will 
not run down into the tube portion of the mold for it is lighter 
than the water there. A wire-gauze cylinder is immediately 
lowered into the cooling wax, which, solidifying rapidly, contracts 
so that the approximating edges of the gauze are pressed tightly 
together. After cooling, the wax is eased out of the mold, to- 
gether with the attached glass tube and gauze cylinder, as shown 
in plate 2. 

Using the second mold, the wax bottom of the framework is 
affixed in a comparable manner. The wax is shaped further by 
means of a hot spatula so that the edges become smooth and al- 
most flush with the gauze cylinder. Although it does not tend 
to spatter during this procedure, provided it is dry, care must be 
taken to prevent wax from running down the gauze lest the future 
dialyzing surface of the sac be unnecessarily reduced. The line 
of approximation of the gauze is sealed by allowing melted wax 
to flow into the adjacent interstices from a capillary pipette. 
An identification number is printed on the wax of each frame in 
indelible ink. The frames are now ready to be reinforced with 
heavy alcohol-ether collodion; the percentage of nitrocellulose 
in this collodion is immaterial as long as it just flows smoothly. 
To prevent the collodion from running up into the short glass 
tube when the inverted sac is dipped, the tip of the tube is first 
touched to the collodion and then set aside for a short time to 
dry. During this time the bottom of the sac can be coated by 
lowering it into a jar of heavy collodion until the junction of the 
wax and wire gauze is barely submerged. After the excess 
collodion has drained off, it is allowed to dry. The upper end 
of the sac is coated in the same manner, the 3-cm. glass tube 
being completely submerged during the process. Using a 
scalpel, the distal portion of the 3-cm. tube is bared of collodion. 
Foreign material clogging any of the interstices of the gauze is 
flicked out with the point of the scalpel or a needle. 


Semipermeable membrane 


After several hours, when the heavy alcohol-ether collodion has 
become thoroughly hard but not so dry that it is very brittle or 
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tends to peel, the sac is dipped into acetic-acid collodion of what- 
ever strength is required. Tests have been performed with sacs 
made with from 4.5 to 10.3 per cent Parlodion, by weight, in 
glacial acetic acid. A description of the experiments for which 
collodion solutions of different strengths have been used is not 
germane to this article, but it may be said that the higher con- 
centrations of collodion have proved to be practical and of greater 
usefulness. The handling of the sac is facilitated by the use of a 
short piece of rubber tubing drawn through the hole of a no. 5 
rubber stopper so that it projects a short distance from each end. 
The rubber tubing is of adequate size to hold the glass tube 
lightly but firmly. After the sac has been attached, it is lowered 
into the acetic-acid collodion in a wide-mouthed bottle. If the 
collodion is too cool, it will not cover the gauze smoothly. Slight 
rotation of the sac serves to dispel any bubbles which may cling 
to the surface of the gauze. As soon as it has been submerged 
up to the lower portion of the 3-cm. tube, it is slowly withdrawn. 
The excess collodion is allowed to drip into a Petri dish. While 
the sac is submerged, the collodion flows through the interstices 
and down the inner surface of the gauze. As it collects on the 
bottom, it is aspirated by a special capillary pipette, depicted in 
plate 3. The drawn-out end of the pipette must be large enough 
to allow the collodion to be aspirated without clogging, yet small 
enough to allow plenty of air space around it when it is lowered 
through the rubber and glass tubing to the bottom of the sac; 
otherwise the negative pressure established in the sac may rupture 
the membrane. Aspiration must be controlled so that collodion 
and not air is sucked up; the drawing of a vigorous stream of air 
into the sac is to be avoided. Frequent flushing of the pipette 
with glacial acetic acid helps to prevent clogging. After the sac 
has drained for an arbitrary but constant period (60 seconds), 
it is plunged into a bottle of stone-filtered tap water. The as- 
pirating is continued, however, until the collodion on the inside 
bottom has been removed as completely as possible. A stiff 
wire bent into the shape of a hairpin is slid under the rubber 
stopper and allowed to rest on the edges of the bottle, thus sus- 
pending the sac in the water. The sac is filled with water by 
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means of a capillary pipette. The water is changed about every 
half hour or hour, for from four to six hours, the water on the 
inside being changed at the same time. A longitudinal section 
of the completed sac is schematized in figure 1. 


Testing the sac 


The method of testing porosity and intactness was suggested 
by the work of Asheshovy (1933). The sac and attached rubber 
tubing are filled to overflowing with filtered tap water and a 

















Fic. 1 Fic. 2 
Fic. 1. Scuematic D1aGRam or Sac 


The glass tube at the top of the sac passes through the wax cap, represented by 
shading. The wire gauze is indicated by interrupted lines. The heavy stip- 
pling reveals the portion of the framework covered by heavy alcohol-ether col- 
lodion and the light stippling shows coverage by the acetic-acid collodion. 


Fig. 2. Rinstne Borrie 


filled 10-ml. pipette is thrust firmly into the upper end of the 
rubber tubing. The pipette is held in a vertical position, as 
shown in plate 4, and the level of the water in which the sac is 
suspended is adjusted so that for each test it is the same distance 
(2 cm.) above the upper margin of the semipermeable membrane. 
The length of time required for the meniscus to descend from the 
0-ml. to the 1-ml. mark is recorded. The temperature of the 
room and the barometric pressure are noted. Any marked in- 
crease in speed of filtration above the average for the percentage 
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of collodion used generally indicates the presence of a flaw in the 
sac. As a further check on the intactness of the sac, it is with- 
drawn from the water with the pipette still attached and the 
surface gently brushed with filter paper. If drops immediately 
and persistently appear at any one spot after each brushing, the 
presence of a flaw is indicated and the sac is discarded. 


Sterilizing the sac 


The sac is sterilized in “B.K.” solution,’ 1 part in 100 of dis- 
tilled water, for about eighteen hours at room temperature. 
Except for spore-forming bacilli, which on rare occasions have 
subsequently proliferated, contaminating bacteria are always 
destroyed by this method. The sterilizing solution is then 
washed out with 3 liters of sterile distilled water by means of the 
sterile rinsing device shown in plate 5. After the stoppers are 
inserted in the bottles, they may be swathed in cotton soaked in 
cresol solution as a precaution against contamination. The water 
is delivered by syphon to the rinsing bottle which is diagrammed 
in figure 2. The water flows into the sac through the water inlet 
tube and the capillary tube, spills out of the mouth of the sac, 
runs down the outside, and causes the water level in the bottle 
to rise slowly until it reaches the cotton-plugged air vent. If 
the stopper is tightly inserted in the bottle, the water will not 
reach its under surface but will rise in the vent and at the same 
time spill over through the outlet tube, establishing a syphon 
which, because of the large size of the outlet tube, promptly 
drains the bottle; thus the syphon is broken. The continuous, 
fine stream of water entering through the capillary tube now 
causes the water level to rise again, and the automatic rinsing 
continues. The water inlet tube may be clamped off from time 
to time, thus allowing the sac to soak. It has been found that 
the syphon will break more readily if the inner surface of the outlet 
tube is coated once with a thin layer of paraffin. 


* A sodium hypochlorite solution marketed by the Pennsylvania Salt Manu- 
facturing Company of Philadelphia. Quigley and Sickles (J. Bact., 1937, 33, 
110-111) recommended it for sterilizing collodion membranes. 
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Filling the sac 


A test-tube holder fitted with extra strands of wire and steri- 
lized in boiling water serves as a satisfactory tool for handling the 
sterile sac. The water is expelled from the inverted sac by in- 
troducing into it a gentle stream of air through a cotton-plugged 
sterile capillary pipette. A flat-bottomed glass cup, made from 
a small vial by cutting off the upper portion with a hot wire, 
serves to hold the sac from this point on. Before use, the cup is 
put, open end first, into a large test tube and sterilized. In 
order to introduce the sac, the test tube is inverted and the cotton 
plug and the cup are withdrawn together. The sac is then de- 
posited in the cup, and the cup and plug are thrust back into the 
inverted test tube as shown in plate 6. The sac is allowed to 
remain empty for only a short time, lest drying alter the per- 
meability. When the sac is to be filled, the cup is removed again, 
and the glass tube of the sac thoroughly dried in a Bunsen flame, 
care being taken not to crack it by too rapid heating. The test 
fluid is introduced as shown in plate 7. Great caution must be 
exercised to prevent any fluid from running down the outside of 
the glass tube; as an added precaution, the tube is thoroughly 
flamed again after the pipette has been withdrawn. A few drops 
of sterile, melted paraffin serve to plug the glass tube. A coating 
of alcohol-ether collodion is applied to the outside of the tube; 
thus the whole surface of the sac is sealed with collodion. 


Implantation in animal 


The sac is now ready to be introduced into the peritoneal 
cavity of the experimental animal. The operative technic need 
not be described here. When the sac is removed at the conclu- 
sion of the experiment, a hot wire is thrust through the collodion 
and paraffin, thus providing a hole through which the contents 
can be aspirated with a Pasteur pipette. Plate 8 shows two 
sacs after their removal from an experimental animal. The wall 
of one is clean and the wire mesh is plainly visible through the 
film of collodion. The other sac is covered with a heavy coating 
of fibrin. 
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The results of experiments entailing the use of the described 
collodion sacs will be published subsequently. 


SUMMARY 


A review is presented of the development of the collodion- 
sac technic for use in animal experimentation. 
A method of making a sturdy, yet permeable, sac is detailed. 
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Recently Lockwood (1938a and b) demonstrated that sul- 
fanilamide in concentrations similar to those occurring in sul- 
fanilamide-treated patients is markedly bactericidal for virulent 
streptococci growing in peptone-free human serum, but is merely 
bacteriostatic when even small amounts of peptone are present 
in the serum. 

In this paper we have attempted to repeat and extend Lock- 
wood’s work using rabbit instead of human serum as a culture 
medium for the streptococcus. 


METHODS AND MATERIALS 
Strain used 


Only one strain, C 203 (Group A) was employed in this work 
(this is one of the two strains that Lockwood used). Its virulence 
was maintained by passage through mice once in every two weeks. 
The streptococcus was grown in 5 per cent sheep-blood meat- 
infusion broth for 14 hours at 37.5°C., was standardized, and was 
kept in the ice box. In a few experiments a 3-hour culture of the 
organism in neo-peptone broth containing an equal amount of 
rabbit serum was used. 


Source of blood 


The rabbit serum was obtained fresh for each experiment by 
intracardial puncture. In all, 16 rabbits of 2000 to 3000 grams 
were used. Our strain C 203 appeared to grow equally well in 
the sera from all these rabbits. When a large quantity of serum 
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was needed for any one experiment, the sera from several rabbits 
were pooled. 

In our first experiments we used serum from defibrinated blood 
which contained small amounts of hemoglobin. Later we found 
that serum from the clot was just as suitable a medium as the 
defibrinated serum for our work and used this in our subsequent 
tests. 


Sulfanilamide solutions 


Sulfanilamide (Prontylin-Winthrop Chemical Co.) solutions 
were made up in appropriate dilutions in physiological salt solu- 
tion. 


Procedure of the tests 


To a series of small test tubes (10 x 100 mm.) containing 1 ml. 
each of rabbit serum were pipetted in order named and well 
mixed: 0.05 ml. of 10 per cent neopeptone when desired, 0.05 
ml. of the appropriate concentration of sulfanilamide solution, 
physiological salt solution in the amount needed to bring up all 
tubes to equal volume and 0.1 ml. of the culture dilution. The 
tubes were then placed at the temperatures required in the ex- 
periment. (In these experiments no apparatus for the continu- 
ous mixing of contents of the tubes was used.) 

To obtain the required number of organisms in 0.1 ml. volume 
for these tests, the culture of streptococcus was serially diluted in 
broth for all but the final two dilutions which were made in rabbit 
serum diluted 1:10 in saline. Broth instead of saline was em- 
ployed because of the findings that not more than one half the 
calculated number of organisms grew into colonies and many of 
these colonies developed extremely slowly, (being visible on 
blood plates only after 48 hours at 37.5°C.), when this strain of 
streptococcus was exposed to physiological salt solution during 
the process of dilution preliminary to seeding the test cultures. 
When dilutions are made in broth or in rabbit serum diluted 
1:10 in saline, the final counts check accurately with those ex- 
pected from the use of the standardized culture and the colonies 
are all approximately the same in size and in extent of hemolysis. 
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The last two dilutions were made in 1:10 rabbit serum in order 
to eliminate all but a trace of peptone present in the diluent broth 
(approximately 0.01 mgm. peptone per ml.). 

At the start of each experiment, 0.1 ml. of the streptococcus 
dilution to be used, further diluted in broth if necessary for ac- 
curate counts, was always plated out in duplicate and the average 
of both counts taken for the first counts in the figures. Bacterial 
counts of the test cultures were made by the dilution plate 
method. Cultures to be counted were diluted with broth, a 
fresh pipette being used for each dilution. To calculate any one 
count, an average of all countable plates was taken. 

In the figures, 0 signifies no growth from the inoculation of 
0.05 ml. or 0.1 ml. of test materials in blood plates. No effort 
was made to prove absolute sterility in most experiments. 


Smears 

Smears were made routinely and stained with Wright’s stain 
at the same time that the test materials were plated for bacterial 
counts. Our observations on the effect of sulfanilamide on the 
morphology of the streptococcus growing in rabbit serum are in 
accord with those of Lockwood on the morphological changes of 
organisms growing in human serum under the influence of sul- 
fanilamide. Morphological alterations consisting of long chains, 
chains with missing cells, persistence of pink capsules, increase 
in size of individual cells which were often irregular and coalesced 
together, and degenerating forms, were the characteristic changes 
seen. Degenerating forms were usually only noticed when the 
organisms were dying out. We found, as Lockwood did, that 
morphological changes were evident even at concentrations of 
sulfanilamide which had only questionable bacteriostatic effects. 


EXPERIMENTAL 


In our preliminary experiments we found that when peptone- 
free rabbit serum is inoculated with 3000 organisms per ml., 
even 1:1000 dilution of sulfanilamide (1 mgm. per ml.) is rarely 
bactericidal though it is definitely bacteriostatic, and sulfanil- 
amide in 1:5000 and 1:10,000 dilution (0.2 and 0.1 mgm. re- 
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spectively, per ml.) is generally merely somewhat bacteriostatic. 
When serum containing peptone (5 mgm. per ml.) instead of 
peptone-free serum is employed, sulfanilamide is even less effec- 
tive but the difference in growth in the two media containing the 
same concentrations of sulfanilamide is not striking. In figure 
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Composite of 4 different experiments. 
These experiments show the lack of any bacteriostatic effect of sulfanilamide 
in 1, 0.2 and 0.1 mgm. per cc. concentrations on the growth of the streptococcus in 


rabbit serum containing peptone and only a slight bacteriostatic effect of the 
drug in the same concentrations on organisms growing in peptone-free serum. 


1 are presented the composite results of 4 different experiments 
on the effect of sulfanilamide on the growth of the streptococcus 
on rabbit serum with and without neopeptone at 37.5°C. which 
bring out these points. 

Experiments such as these are in marked contrast to those of 
Lockwood in which the effect of sulfanilamide on the growth of 
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the streptococcus on human serum with and without neopeptone 
was tested. In his experiments, sulfanilamide in a dilution of 
1:10,000 (0.1 mgm. per ml.) killed 3000 organisms or chains 
growing in peptone-free serum in 24 hours at 37.5°C., whereas in 
the presence of peptone, this drug in the same concentration was 
merely bacteriostatic. 

In seeking an explanation for the lack of bactericidal properties 
of sulfanimamide on streptococci growing in rabbit serum, we 
compared the speed of growth of the organism on rabbit and on 
human sera with and without neopeptone and noted the following 
differences in the rate of growth in these 4 media: In the first 
place, during the first 20 hours at 37.5°C. with a 3000-organism 
inoculum, when peptone is present, rabbit serum was found to be 
a much better medium for growth of the streptococcus than hu- 
manserum. Secondly, in human serum, the organisms multiplied 
much faster in serum containing peptone than in peptone-free 
serum, whereas in rabbit serum the organisms grew almost as 
profusely when peptone was excluded from the medium as when 
it was not. 

From these observations, it seemed worth inquiring whether 
these two facts noted above; one, the greater rate of multiplica- 
tion in rabbit serum as compared to that in human serum; and 
two, the fact that the streptococcus after an inoculation of 3000 
organisms grows almost equally well in rabbit serum whether it 
contains peptone or not, while it grows relatively much faster in 
human serum with peptone than in peptone-free human serum, 
might account for our inability to demonstrate bactericidal 
properties of sulfanilamide in rabbit serum. Accordingly we 
devised experiments to retard the rate of multiplication of the 
organisms in rabbit serum with the thought that thus we might 
obtain results with sulfanilamide comparable to those of Lock- 
wood using human serum. 


Effect of sulfanilamide on the streptococcus growing in rabbit serum 
with and without peptone, when the rate of growth is retarded 


1. By the use of small inocula. Since it has been demonstrated 
by many investigators that growth of the streptococcus must 
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proceed for several hours in the presence of sulfanilamide before 
the activity of this drug is demonstrable, our poor results with 
sulfanilamide on the growth of the organism in rabbit serum as 
compared to that in human serum seemed at least partially ex- 
plicable on the ground that after several hours of growth many 
more organisms are present in the rabbit serum than in the human 
serum on which the drug would be acting. Hence, it was thought 
that by using a small inoculum (400 organisms per ml.) the 
bacterial concentration in rabbit serum after the first few hours 
of incubation would be much reduced as compared to that follow- 
ing a much larger inoculum (3000 organisms) and that this 
growth (after a small inoculation) would be more similar to the 
growth present in human serum after the same number of hours 
of growth following the larger inoculum (3000 organisms). 
Furthermore, it was thought that by the use of a small inoculum 
and consequently a slower growth of the organisms, a greater 
difference in the speed of multiplication might perhaps be no- 
ticeable between the growth in rabbit serum containing peptone 
and the growth in peptone-free rabbit serum, less growth being 
present in the latter. If this relationship were shown to exist in 
the case of rabbit serum, it would better simulate the relation- 
ship present in human serum with and without peptone and the 
striking action of sulfanilamide on the streptococcus growing 
in peptone-free human serum could in part be correlated with the 
slow multiplication of the organisms in this medium. 

Accordingly, we set up experiments using a small inoculum and 
were successful in demonstrating a much more marked effect of 
sulfanilamide when the organisms were grown in peptone-free 
serum instead of serum containing peptone (see fig. 2). More- 
over, these results appeared to be correlated with a slower growth 
in the control tubes of peptone-free serum than in the control 
tubes of serum containing peptone (not shown in this figure). 
(This experiment also shows that peptone-free rabbit serum does 
not sustain the growth of the streptococcus for more than 60 
hours, whereas rabbit serum containing peptone is a good medium 
for growth for at least 76 hours). 

2. By the growth of the organism at room temperature (20°C.). 
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It next occurred to us that the speed of growth of the strepto- 
coccus might be still further delayed and, thus, even better re- 
sults with sulfanilamide obtained if the retardation effect of 
small inocula were combined with growth at a relatively low 
temperature (20°C.) instead of at 37.5°C. To our surprise, in 
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37.5°C. In FresH RaspBit SERUM WITH AND WITHOUT PEPTONE AFTER A 
RELATIVELY SMALL INocuLumM (400 ORGANISMS PER ML.) 


This experiment contrasts the bactericidal effect in 40 hours of sulfanilamide 
in concentrations of 1 and 0.2 mgm. per ml. on organisms growing in peptone-free 
rabbit serum with the merely bacteriostatic effect of the drug in the same concen- 
trations when peptone is present in the medium. 


these experiments although as expected, the organisms multiplied 
more slowly at 20°C. than at 37.5°C., the sulfanilamide had a 
negligible effect on the growth of the organisms even at a con- 
centration of 1:1000 (1 mgm. per ml.) whether or not peptone 
was present in the medium. When growing at 20°C., the organ- 
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isms increased at a uniform rate for 48 hours and there was very 
little difference in the amount of growth whether or not peptone 
was present in the medium. In figure 3 is presented an experi- 
ment which demonstrates these points. 

These last experiments in which it was shown that sulfanilamide 
is not active at 20°C., or only to a very slight extent, indicated 
that the temperature at which tests are carried out is of major 
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Fic. 3. Errecr or SULFANILAMIDE ON THE GROWTH OF THE STREPTOCOCCUS IN 
PEePTONE-FREE Rapsit Serum at 20°C. AFTER A RELATIVELY SMALL 
InocuLuM (400 ORGANISMS PER ML.) 

This experiment shows that sulfanilamide has a negligible effect on the growth 
of the organisms in peptone-free rabbit serum. The curves showing the effect of 
sulfanilamide on the growth of the organism in serum containing peptone are 
practically identical with the curves shown above in fig. 3 and are omitted. 


importance in the activity of sulfanilamide. They suggested 
that the activity of sulfanilamide, which is demonstrable at 
37.5°C. might be further increased if the temperature at which 
the tests were carried out was elevated above this temperature. 
Furthermore, it was thought that carrying out tests for effective- 
ness of sulfanilamide at elevated temperatures, since such tem- 
peratures would not be optimum for the growth of this organism, 
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might have the additional advantage of retarding the growth of 
the organism, which retardation, as shown above, improves the 
bactericidal properties of sulfanilamide. The following sections 
deal with the investigation of these points. 

White and Parker (1938) have just reported that sulfanilamide 
is more effective in vitro at 40°C. than at 37°C. It is interesting 
that these investigators came to this conclusion by a different 
method of approach from ours. They had previously found that 
many freshly isolated strains of hemolytic streptococcus, Group 
A, grew rapidly and abundantly at 40°C. and it therefore occurred 
to them to test the action of sulfanilamide at this temperature. 
Accordingly in experiments carried out to test this idea, they 
found that sulfanilamide in concentrations of 0.2 mgm. per ml. 
(20 mgm. per cent) had consistently striking bactericidal proper- 
ties for these strains at 40°C. whereas at 37°C. sulfanilamide in 
the same concentration was only slightly bacteriostatic. This 
work was carried out on organisms growing in either defibrinated 
horse blood or in ‘‘P D” broth. 


Effect of sulfanilamide on streptococci growing at 39°C. in rabbit 
serum with and without peptone 


These experiments were carried out similarly to our previous 
ones except that the tests were incubated for various periods of 
time at 39°C. instead of at 37.5°C. 

In regard to the control tests, we first found that when peptone 
is excluded from the medium and a small inoculum is used (400 
organisms), the streptococci may first multiply slowly for 4} 
hours but soon die out; at the end of 18 hours the cultures are 
sterile. On the other hand, when peptone is added to the medium 
in the usual quantity, the same inoculum will result in good 
growth, but the bacterial concentrations never quite achieve the 
level resulting from the incubation of the same number of organ- 
isms in the same medium at 37.5°C. (White and Parker also 
noted this fact with their strains of streptococcus.) The effect 
of sulfanilamide in tests set up with rabbit serum containing 
peptone inoculated with 400 organisms was markedly increased 
when the experiments were carried out at 39°C. instead of 37.5°C., 
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the drug being bactericidal in 1:20,000 dilution (0.05 mgm. per 
ml.) in 18 hours at 39°C. whereas, as previously shown and con- 
firmed many times, the drug was merely slightly bacteriostatic 
even in 1:5000 dilution (0.2 mgm. per ml.) at 37.5°C. In figure 4 
is presented an experiment comparing the effect of sulfanilamide 
at 37.5°C. and at 39°C. on streptococci growing in rabbit serum 
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Fic. 4. Errect or SULFANILAMIDE ON THE GROWTH OF THE STREPTOCOCCUS AT 
37.5°C. anp av 39°C. in FresH Rapsit Serum CONTAINING PEPTONE 
AFTER A SMALL INocULUM (300 ORGANISMS PER ML.) 

This experiment contrasts the bactericidal effects of sulfanilamide at 39°C. 
in 18 hours in concentrations of 0.2 and 0.05 mgm. per milliliter with the merely 
slight bacteriostatic effects in the same concentrations of the drug at 37.5°C. 
In this experiment tests were also set up at 39°C. in which the inoculum contained 
4000 and 1600 organisms resulting also in sterility in 18 hours in the tubes con- 
taining sulfanilamide. 


containing peptone. This demonstrates the striking bactericidal 
effect of the drug at 39°C. and the total lack of such effect at 
37.5°C. It also shows that the maximal bacterial population 
is slightly higher in the 37.5°C. control than in the 39°C. control. 

No attempt was made to determine the minimal concentration 
of sulfanilamide that would be bactericidal for the streptococcus 
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at 39°C. (or at 40°C.). That a concentration of 0.05 mgm. per 
ml. of the drug is higher than that needed for bacteriolysis was 
demonstrated in one experiment in which 0.02 mgm. per ml. 
(1:50,000 dilution) was shown to be bactericidal in 18 hours at 
39°C. after an initial inoculum of 4000 organisms per ml. growing 
in rabbit serum containing peptone. 
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Fig. 5. Errect or SULFANILAMIDE ON THE GROWTH OF THE STREPTOCOCCUS IN 
Fresh Rappit SERUM WITH AND WITHOUT PEPTONE aT 39°C. 
This experiment shows that at 39°C., sulfanilamide has if anything less bac- 
tericidal effect on organisms growing in peptone-free rabbit serum than in serum 
containing peptone. 


In order to obtain data on the effect of sulfanilamide on or- 
ganisms growing in peptone-free serum at 39°C., tests were set 
up in which the number of organisms in the inoculum was in- 
creased. In the control tubes, when the initial concentration of 
organisms was roughly 4000, the organisms did multiply pro- 
gressively in peptone-free rabbit serum at 39°C., the maximal 
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bacterial concentration being reached after 20 hours incubation, 
after which time a continuous decrease in viable bacteria to steril- 
ity in 72 hours occurred. The highest bacterial population in 
the control tests containing peptone after the same inoculum, 
also reached at approximately 20 hours after inoculation, was 
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Fic. 6. Errecr oF SULFANILAMIDE ON THE GROWTH OF THE STREPTOCOCCUS IN 
Fresh Rapsit Serum CONTAINING PEpToneE at 40°C. 

This experiment shows that sulfanilamide is bactericidal in 1:50,000 dilution 
(0.02 mgm. per milliliter) at 40°C. on large numbers of streptococci growing 
in rabbit serum containing peptone. In this experiment a 3 hour 50 per cent 
neo peptone rabbit serum culture was used. 


always slightly higher than that found in peptone-free serum, and 
in this medium the decrease in the viable organisms was delayed 
as compared with that of the control tests without peptone. 
However, surprisingly enough, in spite of the difference in the 
amount of growth in the 2 media just noted, the bactericidal 
action of sulfanilamide was more pronounced at 39°C. when 
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peptone was present in the medium than when it was not, a result 
directly contrary to that anticipated from our previous tests at 
37.5°C. This last finding is demonstrated in figure 5 in which 
it is seen that sulfanilamide in 1:20,000 dilution (0.05 mgm. per 
ml.) is bactericidal in 24 hours after an inoculum of 80,000 or- 
ganisms when peptone is present and bactericidal only in 36 
hours when peptone is excluded from the medium. This type of 
experiment has been repeated several times, always with es- 
sentially the same results. 


Effect of sulfanilamide on the growth of the streptococcus at 40°C. in 
rabbit serum with and without peptone 


It was found impossible to produce progressive growth of our 
strain of streptococcus at 40°C. when peptone was excluded from 
the medium unless the inoculum used was very large. However, 
when the serum contained peptone the organisms grew well but 
the initial inoculum needed to produce growth was roughly 20,000 
organisms. In figure 6 is presented an experiment showing that 
sulfanilamide in 1:50,000 (0.02 mgm. per ml.) is bactericidal at 
40°C. after an inoculum of 400,000 organisms and is not bac- 
tericidal in 1:50,000 (0.02 mgm. per ml.) after an inoculum of 
800,000 organisms. 


DISCUSSION 


On the basis of his finding that sulfanilamide is markedly more 
effective on streptococci growing in peptone-free human serum 
than in human serum containing peptone, Lockwood believes 
that “the evidence justifies the tentative conclusion that sul- 
fanilamide interferes with the ability of hemolytic streptococci 
to use serum or tissue protein as food from which to obtain ni- 
trogen.””’ Our experiments seem to show that this is not the 
whole story. 

In his papers, Lockwood expressly states that virulent strep- 
tococci definitely multiply faster in human serum containing 
peptone than in peptone-free human serum. Moreover, he 
declares and demonstrates graphically in 2 figures' that, following 


1 ref. (Lockwood, 1938a) figure 15, p. 183; (Lockwood, 1938b) chart, p. 805. 
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an inoculation of 3000 streptococci in peptone-free human serum, 
the organisms do not increase in number during the first 5 hours 
of incubation at 37.5°C. whereas after the same inoculum when 
peptone is present in the medium a marked increase in organ- 
isms occurs during this time (3000 organisms increase to approx- 
imately 600,000, see figure 2%). He also reports that human 
peptone-free serum is not a suitable medium for prolonged survi- 
val of hemolytic streptococci inasmuch as after 24 hours growth 
in this medium, progressive reduction of surviving organisms 
occurs. On the other hand, he says that human serum containing 
peptone supports the growth of the organisms for a much longer 
period of time. From these observations, is it not possible that 
the explanation, at least in part, of the greater effect of sulfanil- 
amide on organisms growing in peptone-free human serum than 
on organisms growing in serum containing peptone, is merely 
that the organisms multiply more slowly in the former than in 
the latter medium and hence the sulfanilamide has fewer organ- 
isms, in the medium in which the peptone is excluded, on which 
to act and therefore has a correspondingly greater effect? In 
other words, sulfanilamide is effective under conditions unfavor- 
able to rapid multiplication of the streptococcus and this condi- 
tion is obtained when this organism is grown in peptone-free 
human serum. In regard to the preceding observation, all 
investigators appear to agree that in any one medium, all other 
conditions being alike, the effect of sulfanilamide is roughly in- 
versely proportional to the number of organisms inoculated and 
that when relatively large inocula are used, even large concen- 
trations of sulfanilamide cannot prevent the growth of the or- 
ganism. Lockwood brings out this latter point himself when he 
says that with an initial inoculum of 250,000 per ml. even 0.1 
mgm. per ml. of sulfanilamide in peptone-free human serum can 
merely maintain the initial population level. 

As regards the effect of sulfanilamide on the growth of the 
streptococcus in rabbit serum at 37.5°C. with and without pep- 
tone, again we believe that the effect of sulfanilamide is, at least 
in part, directly correlated with the rate of multiplication of the 


? ref. (Lockwood, 1938a) figure 15, p. 183. 
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organism. When the organisms multiply rapidly as they do in 
rabbit serum at 37.5°C. after a relatively large inoculum (3000 
organisms) whether or not the serum contains peptone, sulfanila- 
mide even in high concentration (1 mgm. per ml.) has only a slight 
restricting influence on the growth. When, however, a relatively 
small inoculum is used, (400 organisms per ml.) after which the 
organisms multiply relatively more rapidly in the medium con- 
taining peptone than in the peptone-free medium, sulfanilamide is 
bactericidal for the organisms growing in the peptone-free medium 
(40 hours) and merely bacteriostatic for those growing in the 
medium containing peptone. 

Therefore, we believe that the explanation of the difference in 
the results obtained with sulfanilamide on organisms growing in 
human and in rabbit serum at 37.5°C. is mainly that rabbit 
serum, even when peptone is excluded from the serum, is a very 
good medium for the growth of the streptococcus, being able to 
support growth at 37.5°C. for at least 3 days, whereas human 
serum, expecially when peptone is excluded from the serum, is 
a poor medium for the growth of this bacterium. It is only when 
the growth of the organism in rabbit serum is retarded in some 
way, that the bactericidal properties of sulfanilamide at 37.5°C. 
become evident and can be compared with those occurring when 
human serum is used as a medium for growth. 

That sulfanilamide when peptone is present is strikingly more 
effective when tests are carried out at 39 and 40°C. than at 37.5°C. 

yas first observed by White and Parker and has now been con- 
firmed by us. In regard to these marked bactericidal properties 
of sulfanilamide on the streptococcus multiplying at elevated 
temperatures, there appears to be at least one factor involved 
other than that of retardation of growth, since such retardation 
does not seem sufficient to explain the striking bactericidal 
effects encountered. We believe that such impressive bacteri- 
cidal results are explicable only on the theory that sulfanilamide 
is more reactive at these elevated temperatures than at 37.5°C. 
The fact, noted previously, that sulfanilamide has only weak 
bacteriostatic qualities in tests run at 20°C. in spite of the slow 
growth of the organism at this low temperature appears to bear 
out this idea. 
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In view of the finding that streptococci always multiply with 
greater speed when peptone is present than when it is not, our 
results showing that at 39°C. sulfanilamide is less effective on 
organisms growing in peptone-free media than in media contain- 
ing peptone is surprising. No explanation of this phenomenon 
can be offered at present. 


CONCLUSIONS 


We believe that these experiments dealing with the effect of 
sulfanilamide on the growth of the streptococcus in rabbit serum 
justify the following conclusions: 

1. Sulfanilamide in moderate concentrations is bactericidal 
only for streptococci which are multiplying relatively slowly. 

2. The bactericidal action of sulfanilamide appears to be in- 
creased when the organisms are grown at elevated temperatures 

3. Our experiments do not seem to support the theory that 
sulfanilamide interferes with the power of streptococci to utilize 
serum proteins or that peptone per se interferes specifically with 
the bactericidal effectiveness of sulfanilamide. 
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PROCEEDINGS OF LOCAL BRANCHES OF THE 
SOCIETY OF AMERICAN BACTERIOLOGISTS 


ILLINOIS BRANCH 


CuicaGo Women’s Cuivus, Cuicaco, May 5, 1939 


SIGNIFICANCE OF STREPTOCOCCI IN 
DentaLt Caries. Ruth Tunnicliff, 
From the John McCormick Institute 
for Infectious Diseases and the 
Foundation for Dental Research of 
the Chicago College of Dental Sur- 
gery. 

Smooth and microscopic rough col- 
onies of Streptococcus viridans were 
isolated from 0.2 per cent glucose brain 
broth cultures of pulps of carious teeth 
and carious dentin. Bacillary, coiled 
forms, crescents and straight or un- 
dulating filaments in rough colonies 
were changed by transferring in 1 per 
cent glucose broth into cocci in pairs 
or short chains forming smooth col- 
onies. Smooth colonies isolated from 
mouths with and without carious teeth 
may be changed into microscopic or 
minute rough colonies made up of the 
same morphologic forms found in 
colonies isolated as rough from carious 
dentin. Organisms in rough cultures 
produced less acid (pH 5.2-6.0) than 


those in smooth (pH 4.4-4.8) in 1 per 
cent glucose broth, pH 7.0. Organ- 
isms from both rough and smooth 
colonies grew in 1 per cent glucose 
broth, pH 4.4-5.0. Organisms found 
in smooth and rough colonies of Strep- 
tococcus viridans appear to correspond 
to the cocci, bacilli and “tortuous 
threads” described by Miller in tubules 
of carious teeth. Artificial caries 
showing these three forms in tubules 
was produced by dental strains of 
Streptococcus viridans. By weekly 
subculturing in 1 per cent glucose 
broth, pH 7, the cocci gave a pH 4.4 
during the three months necessary to 
produce caries. 


Some Srupies 1n Foca. Inrecrion. 
George W. Stuppy and Willard Wood, 
Rush Medical College and the Pres- 
byterian Hospital. 


Pusitic HEALTH EDUCATION AND THE 
NEwspPaPEr. Irvine S. Cutter, North- 
western University Medical School. 


CONNECTICUT VALLEY BRANCH 


Smita ALUMNAE BuILpING, Smita Co.Liece, May 27, 1939 


Some EXPERIMENTS WITH STAPHYLO- 
coccus ENTEROTOXIN PRopUCTION. 
Edwin L. Minard, Department of 
Bacteriology, Yale University. 
Attempts to titrate the staphylo- 

coccus enterotoxin by means of isolated 


intestinal strip of kittens were nega- 
tive. These results tend to support 
the hypothesis that the enterotoxin 
acts primarily through the nervous 
system. A further method for the 
titration of enterotoxin by the floccu- 
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lation procedure, using antiserum 
prepared in the rabbit, was unsuccess- 
ful, except with the antiserum of one 
of a large series of rabbits. A specific 
flocculation occurred when the anti- 
serum of this rabbit was mixed with a 
filtrate containing only active entero- 
toxin. 

Gelatin hydrolysate medium ampli- 
fied with the growth accessory factors, 
nicotinic acid and thiamin, together 
with the amino acids, tryptophane, 
tyrosine and cystine, was found to be 
almost as satisfactory a medium for 
enterotoxin production as the complex 
peptone medium employed. The addi- 
tion of agar to give a semisolid con- 
sistency greatly increased the entero- 
toxin titer of the filtrate. 


SEROLOGICAL TypPEs oF STREPTOCOCCUS 
uBerRis. W. N. Plastridge and L. F. 
Williams, Department of Animal 
Diseases, Storrs Agricultural Ex- 
periment Station, Storrs, Connecti- 
cut. 

Observations were made on the 
serological properties of 141 cultures 
identified by biochemical tests as 
Streptococcus uberis (Diernhofer) which 
is apparently identical with group III 
of the English workers, and group Ba 
(Storrs). 

The cultures used produced either 
weakly beta hemolytic or non-hemo- 
lytic colonies on blood agar, split 
aesculin (Edwards’ medium), acidified 
litmus milk with slight or no reduction, 
produced variable results in methylene 
blue milk (1-5000), usually hydrolyzed 
sodium hippurate, fermented lactose, 
mannitol, sorbitol, trehalose and usu- 
ally inulin, and failed to ferment 
raffinose and arabinose. Of 141 cul- 
tures examined by the slide agglutina- 
tion test, 136 were placed in 11 serologi- 
cal types and 5 failed to react with any 
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of the type sera employed. While 
the majority of the cultures were type- 
specific, about 20 per cent shared a 
common antigen with more than one 
serological type. 

On the basis of biochemical char- 
acteristics, it appears that S. uberis 
does not belong in the Viridans, Lactic 
and Enterococcus divisions of Sherman 
(1937). His Pyogenic division consists 
of Lancefield’s serological groups A, B, 
C, E, F, G and H. Biochemically, 
S. uberis resembles Lancefield’s group 
E more closely than any other group. 
A minor (group ?) antigenic relation- 
ship was observed between our sero- 
logical type 2 and Lancefield’s group E. 
None of the S. uberis cultures were 
agglutinated by antisera against 
groups other than group E. 


IMMUNITY IN RESPONSE TO VACCINA- 
TION WITH SPECIES OF THE PROTEUS 
Genus. Walter L. Kulp, Laboratory 
of Bacteriology, Connecticut State 
College, Storrs, Connecticut. 
Living and heat-killed cultures of 

Proteus mirabilis and Proteus vulgaris, 

used as vaccines, produced a high de- 

gree of immunity in mice against 

Bacillus anthracis, a hemolytic strep- 

tococcus of human origin and Proteus 

hydrophilus. Against the pneumo- 
coccus, this vaccination procedure 
manifested itself only in lengthening 
the period before death to approxi- 
mately four times that period in con- 
trols. These immunizing procedures 
induced no protection against Salmon- 
ella typhimurium. Egg white, milk 
and blood serum as vaccines did not 
initiate any protective effect against 

P. hydrophilus. 

Filtrates from Proteus hydrophilus 
proteose-peptone broth cultures of 
varying ages caused only slight toxic 
effects in mice when amounts up to 
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1.0 ml. were injected intraperitoneally. 
Subsequent tests indicated that these 
filtrate-injected animals were immune 
to lethal doses of P. hydrophilus. Oral 
administration of living P. hydrophilus 
over an extended period had no im- 
munizing effect. In practically all 
cases, no antigenic relationship be- 
tween the vaccine material and the 
pathogen employed could be demon- 
strated. Work is in progress in an 
attempt to determine duration of 
immunity and the factors involved. 


BACTERICIDAL PROPERTIES OF ALLYL 
IsOTHIOCYANATE AND SOME RELATED 
Ors. Milton J. Foter, Department 
of Bacteriology, Connecticut State 
College, Storrs, Connecticut. 

In an attempt to attribute the in- 
hibitory property of the vapors from 
crushed horse-radish to some definite 
compound or compounds, a study was 
made of Allyl Isothiocyanate the main 
volatile constituent of horse-radish 
and several oils similar in structure, 
namely Methyl Isothiocyanate and 
Ethyl Isothiocyanate. 

The inhibitory properties of the 
vapors from the oils and the effect of 
various dilutions of the oils directly 
were studied by three different meth- 
ods using ten test organisms. The 
results indicate that Allyl Isdéthio- 
cyanate is apparently responsible for 
the inhibitory effects of the vapors 
from crushed horse-radish on micro- 
organisms and that Methyl and Ethyl 
Isothiocyanate likewise possess strong 
bactericidal properties. 


A Comparative Stupy or Toxic Ex- 
TRACTS OF THE ENTERIC FEVER 
Group. Eleanor Hague, Depart- 
ment of Hygiene and Public Health, 
Smith College, Northampton, Mass. 
Extracts were prepared from smooth 
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and rough cultures of Eberthella typhi, 
Salmonella enteritidis, and Salmonella 
aertrycke, by heating washed, alkaline, 
ice water suspensions of the organisms 
four hours at 60°C., centrifuging, and 
filtering the supernatant liquid through 
Berkefeld or Seitz filters. 

The minimum lethal dose was taken 
as the least amount which killed three 
out of five mice in 24 hours. For the 
extracts of the smooth strains of organ- 
isms this dose ranged from 0.3 ml. to 
1 ml., while the dose for extracts from 
rough strains was from 1 ml. to 3.5 ml. 
The extract from a smooth culture was 
always at least twice, if not three times, 
as toxic as the extract of its correspond- 
ing rough strain. 

Antiserums were produced by inject- 
ing rabbits intravenously with small 
graded doses of the sterile filtrates. 
The smooth bacterial extracts were 
comparatively antigenic while two 
extracts from rough strains of organ- 
isms were just slightly antigenic. 

The protective potency of the im- 
mune serums against the extracts was 
tested by injecting a group of 5 mice 
intraperitoneally with 0.5 ml. of anti- 
serum and one-half hour later 14 or 2 
minimum lethal doses of extract. The 
amount of protection was recorded in 
average number of hours before death 
for the The extracts 
rough strains of organisms, although 


group. from 
less toxic, were affected less by homol- 
ogous or heterologous antiserums from 
smooth and rough bacterial extracts 
than were the extracts from smooth 
organisms. 
difference 
power of smooth and rough bacterial 


There was little apparent 
between the protective 
extract antiserums against the rough 
bacterial extracts. 
mal serum afforded as good protection 
as any of the immune serums against 


Controls with nor- 
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the rough bacterial extracts. The 
protection afforded against smooth 
bacterial extracts showed a definite 
trend. All immune serums afforded 
better protection than normal serum, 
and that against common O antigenic 
fractions better than that against un- 
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related heterologous extracts. The 
protective potency of rough bacteria! 
extract antiserums demonstrated 


against smooth bacterial extracts may 
be due to smooth factors present in 
the rough strains from which the ex- 
tracts were produced. 
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PULLULOMYXA BOTRYTIS N. SP. 


A. C. THAYSEN 


Vicrobiological Section, Chemical Re search Labo atory ot the Dy partmer 


Neve ntifec and Industrial Research, Teddington, England 
Received for publication January 31, 1939 


A brief note was published some years ago by W. T. Morgan of 
the Lister Institute, London, and the writer (1932) describing the 
isolation from decayed woody tissues of a micro-organism which 
decomposes the specific polysaccharides of Shige lla dyse ntleriae, 
Shiga; Shigella dysenteriae, Flexner Y; Pneumococcus Type I: 
and the tubercle bacillus. 

At the time a study of the relationship of this organism was 
not proceeded with as it was felt that its morphological peculiari- 
ties deserved closer attention than it was then possible to devote 
othem. The organism was provisionally referred to as a M yro- 
coccus, a designation which was based solely on its microscopic 
appearance. Strained in vivo with a dilute solution of methylene 
blue it resembles the coccoid stage of many mMVxococcl ais depicted 
by Krzemieniewsey (1928), and incidentally of Sprrochaeta 
cytophaga as described by Hutchinson and Clayton (1919), an 
organism which Kremienewska (1930) states approaches the 
myxococci in its characters. 

Figure 1 shows the polysaccharide-decomposing organism 
stained in vivo with dilute methylene blue. Its apparently 
thick-walled coccoid cells contain deeply staining plasmatic 
inclusions which, in many cases, appear to adhere to one side of 
the cell wall. The cells measure between 2.5 and 3 u in diameter 
a few may exceed 3 u and some, not including those attached to 
larger cells, may be no more than 2 uw in diameter. In the pro- 
duction of smaller coccoid cells by normally sized spheres the 
organism differs strikingly from the coecoid stage of the myxo- 
cocci. These attached smaller coccoid cells can be seen to be 
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the daughter cells of the normally sized spheres, arising from t} 
latter by a process of budding. There is therefore only one ce} 
form in the life cycle of the polysaccharide-splitting organism 

Among the myxococci, on the other hand, the coccoid stag: 
represents the resting stage in the life eyele; on germination ji 
gives rise to rod-shaped cells. These rods are the active or re 
productive stage of the life cycle. Only when reproductio: 


ceases does a coccoid stage again appear among the myxococci 
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Fic. 1. THREE-pAY-OLD CULTURE OF PULLULOMYXA BOTRYTIS, STAINED IN VIVO 
WITH METHYLENE BLUE x 2550 APPROX 

and this through the contraction of rodshaped cells into spheres, 

never as a result of the budding of coccoids. 

It is true that in other groups of myxobacteria the two stages 
in the life cycle are morphologically more uniform than is the 
case among the myxococci. But in these cases the cell form is 
invariably rod shaped, both during the resting stage and the 
reproductive stage. No ease has so far been described in which 
an organism belonging to the Myzrobacteriales has shown a com- 
plete absence of rod-formed cells and a mode of reproduction 


reminiscent of budding. 
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It is for this reason that the writer has felt compelled to retrain 
from incorporating the organism here described among the 
M yxobacteriales. 

The observation that reproduction in the poly saccharide- 
splitting organism takes place by budding naturally led to a 
comparison of this process as it occurs here with the budding 
process among the yeasts in order to see whether the new organ- 
ism could be incorporated among the latter. But here again the 
writer was unable to find convincing evidence for doing so. In 





Fig. 2. TWENTY-FOUR-HOUR CULTURE OF SACCHAROMYCES ELIPSOIDEUS, STAINED 
WITH FEULGEN’s STAIN. & 950 

fact the observations which he made led him to conclude that 

very considerable differences exist between the process of budding 

in the two cases, notably in the behaviour of the thymonucleic 

substances. 

Among the yeasts, reproduction by budding proceeds, as shown 
in figure 2, by the formation of a daughter cell which invariably 
attains a considerable size before part of the thymonucleic 
substances of the mother cell proceeds towards it, and eventually 
enters it through the narrow connection between the two cells. 
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The process of transfer of thymonucleic substances from the 
mother cell to the daughter cell is comparatively simple. The 
original spherical form of this material will stretch to produce a 
shorter or longer thread depending on the distance it is removed 
from the connecting passage between mother and daughter cell. 
Part of this thread will squeeze through the passage and form a 
sphere in the daughter cell, whilst the remainder, still in the 
mother cell, will again contract and form a sphere. The partition 
of the thymonucleic substances in the yeast cell thus corresponds 
to an amitotie nuclear division. The staining method adopted to 
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Fic. 3 Fic. 4 
hic. 3. SEVENTY-DAY-OLD CULTURE OF PULLULOMYXA BOTRYTIS, STAINED WITH 
FEULGEN’'S STAIN x 2550 ApPpROX 
hic. 4. ForvyY-EIGHT-HOUR-OLD CULTURE OF PULLULOMYXA BOTRYTIS, STAINED 
WITH FEULGEN’S STAIN x 4000 APPROX 


ascertain the behaviour of the thymonucleic substances was 
based on that of Feulgen (1926). 

The behaviour of the thymonucleice substances during the cell 
division of all the other yeast types which the writer has been 
able to examine, including a species of the small anascosporogene 
yeast Pityrosporum rhinoserosum, was exactly the same as that 
described above for a typical Saccharomyces ellipsoideus. 

In the polysaccharide-splitting organism here discussed, the 
behaviour of the thymonucleic substances during budding is 
more complex. Inthe resting cell this material forms a well 
defined sphere usually in the centre of the cell, as shown in figure 
3, illustrating a 70-day-old culture stained with Feulgen’s stain. 


At this age the cells are smaller than those of a young and active 
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culture. When growth commences, and before any extraneous 
signs of budding are noticeable, the sphere of thymonuclei 
substances elongates to form an equatorial band in the cell 
Eventually this band may stretch further and become | shaped. 
In other cases the band of thymonucleic substances is represented 
by two parallel placed rods. These early stages can he observed 
in figures 4, 5, 6 and 7. 

It has not been possible to ascertain with certainty the details 
of the further subdivision of the thymonucleic substances as 
revealed by Feulgen’s stain. A closer scrutiny of figures 4 and 
5 will show cells with two and three separate globules of these 
substances, indicating perhaps a further subdivision of the two 
above-described parallel rods, or possibly of the original U shaped 
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Pics. 5,6aNbD7. FIve-pay-oLp CULTURES OF PULLULOMYXA BOTRYTIS, STAINED 
WITH FEULGEN’s STAIN < 4000 ApPROX 

band. In some cases a subdivision of the substances into 4 
separate units has been observed, and it cannot be excluded that 
the stage of three or of two separate globules may represent a sub- 
sequent fusion of a prey ously larger number of units. Through- 
out the period of subdivision of the thymonucleic substances the 
cell has remained globular without excrescences. llowever, 
when the stage of the existence of two or three definite globules 
of thymonucleic substances has been reached the cell can be seen 
to acquire a slightly egg-shaped form with one granule of thy- 
monucleic substances eventually occupying the pointed end of 
the cell. Here the bud finally arises. 

The mode of separation of the daughter cell from the mother 
cell in the polysaccharide-splitting organism also differs from that 
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of the yeasts, or at any rate from that of the genus Saccharomyces 
in which, according to Guilliermond (1920) and Lindner (1930), 
transverse cellwall is formed between mother and daughter cell 
prior to the separation of the two cells. In the polysaccharide- 
decomposing organism on the other hand the two cells draw away 
from each other leaving a connecting filament between them 
which eventually breaks (see fig. 1), and may remain attached to 
one or both cells for some time as a short stalk. Where the 
daughter cell has produced a daughter cell prior to separation 
from its mother cell a short chain of three individuals may be 
formed. Such structures are strikingly similar to those described 
by Baker (1933) under the name of “giant cocci.”” Baker found 
such giant cocci in large numbers in cavities of the cellulosic 
content of the intestine of the guinea pig, where he associated 
them with the breakdown of hemicelluloses and possibly of 
cellulose. 

The data recorded in the previous pages have convinced the 
writer that the polysaccharide-decomposing organism differs 
fundamentally from the yeasts and that, in fact, it is impossible 
on the available information to group it with any existing type 
of microorganism, including that of the myxococci to which, as 
already mentioned, early investigation had indicated that it might 
belong. Under the circumstances, he has thought it desirable 
to regard it as a new species, the name of which should indicate 
the most characteristic property of the organism, that of repro- 
duction by budding, and to leave it to future investigations to 
decide its true position among the known groups of micro- 
organisms, if it should be found of sufficient interest to deserve 
future attention. 

At the suggestion of Dr. Ramsbottom of the British Museum 
the writer proposes that the organism be known as Pullulomyzra 
botrytis n. sp. 

For the further characterisation of Pullulomyxa botrytis the 
following data have been compiled. 

Motility. The organism is non-motile. 

Staining properties. The ordinary aniline dyes are readily 


absorbed. A young culture of 2 to 3 days growth is gram posi- 
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tive, the stain giving good pictures of the cellular contents and of 
the connecting filaments between adjacent, directly related cells. 
A 20-day-old culture is still essentially gram positive though some 
of the cells will be found to take the counter stain. 

Growth on agar media. No growth can be obtained on ordinary 
standard agar media. Even on the specially devised agar me- 
dium, growth is not visible during the first one or two days at 
the optimum temperature. 

After 6 days incubation at 30 to 37°C. the surface colonies have 
attained a size of from 50 to 100 uw with an average of 80 u. Both 
surface and embedded colonies are circular, with a smooth edge 
and a slightly granular interior. They are greyish white, trans- 
parent and moist. It is noticeable that the size of the colonies 
is larger on plates with a larger number of colonies than on those 
containing a few only. On older plates this difference is reversed 
and after 14 days the sparsely seeded plates may show colonies 
of a diameter of from 0.4 to 1.2 mm., while those on thickly 
seeded plates fail to exceed 0.4mm. Older colonies are no longer 
transparent but retain the original moist appearance. Their 
colour is no longer greyish white, but faintly brownish grey. 

Growth on gelatin. Growth is not easily obtained since the 
temperature of incubation is well below the optimum of the 
organism. After 17 days incubation no growth could be observed 
on the inoculated plates. Nevertheless, gelatin is very slowly 
liquefied by the organism. This was shown by adding a thick 
suspension of living cells to a tube of ordinary gelatin and in- 
cubating the latter at 37°C. for 17 days. By then the gelatin, 
when cooled, could not be made to solidify though control tubes 
without an addition of the organism did so. 

Growth in liquid media. In the most favourable medium, 
described subsequently, visible growth may be noticeable at 
37°C. within 24 hours. The clear liquid has become very faintly 
turbid and slightly bleached. Turbidity and bleaching increase 
slowly during the subsequent period of incubation until, after 8 
days at 37°C., the medium is markedly turbid with a noticeable 
greyish sediment. When growth in liquid media takes place in 
shallow layers it is more rapid, and marked turbidity and sedi- 
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mentation is already noticeable after 24 hours incubation at 
37°C. The more rapid development causes the cells to accumu- 
late in clusters which may be sufficiently large within the first 
48 hours of growth to be visible with a hand lens. The rapid 
growth in shallow layers confirms the aerobic nature of the or- 
ganism. Even with the addition of suitable carbohydrates, 
growth is not possible under strictly anaerobic conditions. 

Temperature range of growth. Initial growth, during the first 
24 hours of incubation is very similar in extent throughout the 
range tested, between 18 and 40°C. Subsequently, however, 
little progress in growth is made in cultures kept at the former 
temperature and even at 25°C. The range from 30 to 37°C. 
appears to be suitable for a normal growth rate, and there is little 
to choose between the two extremes. The higher temperature of 
40°C. has not been found suitable for the maintenance of cultures. 

Lethal temperatures. A young culture kept for 30 minutes at 
52°C. was found capable of propagating when subcultured into 
fresh medium and incubated at 37°C. An identical culture 
kept for the same period at 55°C. failed to do so. 

pH requirements of the organism. The most abundant growth 
is observed when the standard medium is adjusted to a hydrogen- 
ion-concentration range of between pH 7.0 and 7.6. This growth 
can be maintained even at pH 8.0, but no growth was noticeable 
at a pH of 8.6. On the acid side of the neutral point, a certain 
amount of growth could be induced in the standard medium at a 
pH of 6.5 but little if any at 6.0 and below. 

Composition of standard medium. When the organism was 
first discovered it was seen under the microscope in a medium 
composed of ammonium sulphate 0.01 per cent, dipotassium 
hydrogen phosphate 0.02 per cent and water. To this had been 
added 0.001 per cent of the specific polysaccharide of Shigella 
dysenteriae, Shiga. The rate of growth of the organism was very 
slow in this medium and it was found that the addition of a cer- 
tain amount of an extract made from fresh rabbits’ droppings 
greatly increased the rate of growth and facilitated the eventual 
isolation of the organism. 

All subsequent work, and the cultivation of Pullulomyza 
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botrytis, has been done in a medium the composition of which is 
based on the above observation. 

The following procedure is adopted in the preparation of the 
standard medium: 10 gr. of fresh rabbit pellets are left over night 
at room temperature in 1 litre of tap water. The extract ob- 
tained is poured off, and rejected. It is replaced by a further 
litre of tap water, with which the pellets are given a short boil. 
The second extract thus obtained is filtered and to the clear liquid 
are added 2 g. of ammonium sulphate, 4 g. of dipotassium hy- 
drogen phosphate, and 4 g. of a carbohydrate such as fructose or 
xylose. The volume of extract is finally made up to 2 litres and 
sterilised. When solid media are required, 1.5 per cent of agar 
agar are dissolved in the standard medium prior to its being 
sterilised. The sterilisation has usually been done fractionally 
on three successive days with one hour’s steaming daily. 

On or in the above medium, Pullulomyza botrytis grows more 
abundantly than on any other tried. This, however, is not 
meant to imply that the growth of the organism, even under the 
most favourable conditions, is really copious, but merely that it is 
markedly richer than on the ordinary bacteriological culture 
media, which in most cases are unsuitable. 

Utilisation of carbohydrates. In the preliminary note which 
appeared in Nature (1933) it was mentioned that Pullulomyza 
botrytis destroyed the specific properties of a number of bacterial 
polysaccharides. This was thought to indicate that the sac- 
charolytic enzyme complex of the organism would be able to 
function on a wide range of carbohydrates, since it is doubtful 
whether the organism could have met with polysaccharides of 
pathogenic bacteria in its natural habitats. It was thought of 
interest therefore, to test the action of Pullulomyza botrytis on 
a wide range of carbohydrates, including several polysaccharides. 

Of these, cellulose was found to remain unaffected. Gum 
arabic, however, and xylan as well as a polysaccharide isolated 
by Campbell (1935) from oak sapwood were suitable sources of 
carbohydrate. Starch and inulin did not promote growth. 
Among the disaccharides tested, cellobiose, maltose, sucrose and 
lactose could be utilised, the latter less readily than the three 
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former. Of the monosaccharides, fructose appeared more suit- 
able than glucose. In fact it is questionable whether glucose 
can readily be utilised. The two pentoses tested, xylose and 
arabinose, were both suitable. Growth for prolonged periods on 
any of these carbohydrates did not in the least weaken the action 
of the organism on the specific bacterial polysaccharides which 
it was originally found capable of destroying. 

It is of interest to note that Pullulomyza botrytis is capable of 
utilising not only hemicelluloses which occur widespread in nature, 
but also an intermediate product of hydrolysis of cellulose. It 
will be remembered that attention was drawn above to the 
similarity in morphology between this organism and the “giant 
cocci’ observed by Baker (1933) in the coecum of certain herbiv- 
erous animals. From a physiological point of view, therefore, 
a similarity also exists between the two types. 

The action of Pullulomyza botrytis on the various carbohy- 
drates mentioned as suitable for growth did not lead to the pro- 
duction of visible quantities of acid or gas. It was decided, 
therefore, to study this action in the Barcroft manometer, and to 
determine the oxygen uptake of an active suspension of the 
organism on some of the carbohydrates which had been previously 
tested for their suitability as energy suppliers. 

Using a suspension in saline of a 10-day old culture grown on 
xylose agar, xylose showed an oxygen uptake of 28 ul within 4 
hours and a gas evolution of 52 ul, assuming this gas to have been 
carbon dioxide. On the assumption of the evolved gas being 
hydrogen the oxygen uptake was 80 ul within the first 4 hours 
and the gas evolution 52 ul as before. 

The same suspension of the organism gave with fructose an 
oxygen uptake of 40 ul assuming the gas evolved during the re- 
action to have been hydrogen. In the case of this particular 
carbohydrate no carbon dioxide can have been evolved. 

Glucose was unable to show an oxygen uptake by the sus- 
pension, even when the experiment was continued for 24 hours. 

A considerable amount of work was devoted to the isolation 
of the enzyme system of Pullulomyza botrytis which causes the 
destruction of the polysaccharides of bacterial toxines. These 
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efforts, however, were completely unsuccessful. Neither by 
autolysis, nor by freezing and disintegration of the living cells 
could the responsible enzymes be separated in active form. It 
has not been possible, therefore, to study the effect on infected 
animals of an injection of the polysaccharide-splitting enzyme of 
Pullulomyza botrytis. 


CONCLUSIONS 


A description is given of the cytological, morphological and 
physiological characters of an organism which was isolated from 
decaying vegetable debris and which previous work had shown 
was capable of destroying the specific polysaccharides of certain 
bacterial toxins. 

The cytological study has shown that the organism in question, 
for which the name Pullulomyza botrytis n. sp. is suggested, 
represents a type which, to the writer’s knowledge, has never 
before been described in the literature. 

Its propagation proceeds by budding, but the cytological 
changes involved are far more complex than those met with in 
the yeasts. 

Details are given of the morphological and cultural character- 
istics of Pullulomyza botrytis n. sp. and a reference is made to the 
work which has been done on the isolation of the enzyme system 
by which the specific polysaccharide of the Shiga dysentry toxin 
must be assumed to be destroyed by the organism. 


The writer wishes to place on record his thanks to Dr. Rams- 
bottom of the British Museum for his advice on nomenclature; 
to Mr. W. G. Campbell of the Forest Products Research Labora- 
tory of the Department of Scientific and Industrial Research, 
for the supply of a sample of oak softwood polysaccharide; and 
to Mr. K. R. Butlin of his staff, for the determination of the 
respiratory properties of Pullulomyza botrytis. 

The work described above was carried out as part of the pro- 
gramme of the Chemistry Research Board, and is published by 
permission of the Department of Scientific and Industrial Re- 
search, London, England. 
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INTRODUCTION 


Several genera of bacteria are characterized by the possession 
of slimy envelopes, usually called capsules. The presence of such 
capsules may be demonstrated microscopically by certain staining 
methods or by the India Ink method of Burri (1909). Capsules 
are particularly well marked in certain species, notably the Pneu- 
mococcus group, the Klebsiella group, the Salmonella group, 
Bacillus anthracis, Clostridium welchii and Gaffkya tetragena. 
There are serological indications, however, that many more 
species of pathogens possess envelopes, very similar to capsules, 
although these envelopes do not have the extreme size which 
makes them readily demonstrable microscopically. 

A close relationship appears to exist between encapsulation 
and pathogenicity. It need not be stressed, therefore, that a 
better understanding of the conditions under which certain species 
form capsules might be of great value in regard to problems con- 
cerning the pathogenicity of micro-organisms. Little, if any, 
work has been done in this field, most of the attention having 
been concentrated either on the physico-chemical nature of the 
capsular substances, or on the serological problems related to 
encapsulation. 

To define the conditions under which one species of an en- 
capsulated pathogen (Friedliinder’s bacterium) forms its capsules 
has been the aim of this investigation. 
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METHODS 


In preliminary work we attempted to apply the method of 
Burri to the comparison of the sizes of the capsules of bacteria 
derived from different cultures. The results were disappointing, 
the method depending too much on personal judgment, and being 
influenced greatly by slight irregularities in technique. Only 
marked differences in capsule size could be demonstrated. This 
method, therefore, was abandoned. 

Growing cultures of Friedlinder’s bacterium become very 
viscous when abundant capsule formation takes place, but prac- 
tically no change in viscosity can be observed when the organism 
does not form capsules. With this fact in mind the possibility 
was considered whether measuring the relative viscosity would 
not provide a more accurate method of comparing average cap- 
sule sizes. This, indeed, appeared to be possible. 

From a theoretical point of view, one may expect a direct 
proportionality between relative viscosity and total volume of the 
suspended particles (in this case the total volume of the encap- 
sulated bacteria) according to the equations of Einstein (1911), 
von Smoluchowski (1916), and Jeffery (1922). Such equations, 
from which can be calculated mathematically the size of the 
capsules, hardly can be expected to be valid in a system so com- 
plex as a culture of encapsulated bacteria. Nevertheless, there 
was evidence that the larger the capsules, the higher the relative 
viscosity. 

Since, however, the relative viscosity of a growing culture is 
dependent not only on the size of the capsule but also on the 
number of encapsulated bacteria, a comparison is possible only 
when the same number of encapsulated bacteria are present. It 
is necessary, therefore, to make bacterial counts and to plot the 
relative viscosity observed, against the number of bacteria 
responsible for this viscosity. From the position of such curves 
definite conclusions can be drawn as to differences in the average 
size of the capsules of bacteria derived from different cultures. 
By using this technique it was possible to demonstrate small 
differences in average capsule size, which could not, with suffi- 
cient accuracy, be demonstrated by the Burri method. 
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Relative viscosity was measured in the ordinary Ostwald 
sapillary viscosity tubes at 37°C. Since this kind of viscosimeter 
may be sterilized and handled under sterile conditions, no altera- 
tions for bacteriological purposes are necessary. Furthermore, 
with a single growing culture, as many readings as desired may 
be made without endangering the sterility of, or sacrificing the 
culture. 

Sterile viscosity tubes were filled with 5 ml. of nutrient broth, 
previously inoculated with a vigorously growing culture of 
Friedlinder’s bacterium and viscosity measurements made at 
half-hourly intervals after the initial inoculation. Bacterial 
counts were made using the Levy-Hausser counting chamber and 
a suitable dilution of the culture. 


EXPERIMENTAL 


The strain of Friedliinder’s bacterium used throughout this 
work was obtained from the American Type Culture Collection 
(Klebsiella pneumoniae No. 4727). The strain was originally 
isolated and described by Schlossberger and Menk (1930). 
Several animal passages of the strain were made before this work 
was begun. Large slimy colonies were formed on solid agar, and 
in liquid medium extremely high viscosities were obtained under 
special conditions. An example of such an increase in viscosity 
during the growth of Friedliinder’s bacterium, in 4 per cent 
neopeptone-1 per cent glucose, is shown in figure 1-a. 

A few hours after incubation the viscosity begins to increase, 
until, after 7 hours the relative viscosity has attained a value of 
almost 6. In this state, large capsules may be demonstrated by 
the Burri method, and the culture has a slimy consistency which 
may be seen readily when an inoculating needle is thrust into the 
tube and withdrawn with a long slimy thread adhering. 

It is readily demonstrated that the high viscosity in full-grown 
cultures of Friedliinder’s bacterium is due to the presence of 
intact capsules and is not due to excretion of capsular substance 
in the medium. It appeared to be possible to disrupt the capsule 
from the bacteria by a purely mechanical method and to bring 
the capsular substance into solution without destroying the 
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bacteria themselves to any appreciable extent. This was done 
by exposure for about three minutes to sonic vibration in a sonic 
oscillator wherein a nickel rod is brought into rapid vibration by 
an alternating magnetic field. The fluid, contained in a glass 
cylinder surrounding this nickel rod, is also submitted to these 
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’ Fig. 1-a. Increase in relative viscosity of a culture of Friedlander’s bacterium 
in 4 per cent neopeptone-1 per cent glucose, during 7 hours incubation at 37°C. 
(inital H 7.5) (pH changes during growth are shown). 

Relative viscosities of the same culture shown in figure l-a in relation to 
the pont of bacteria present at varying times during incubation. 










































































vibrations and it appears that encapsulated bacteria present in 
this fluid quickly lose their capsules. 

When a very viscous, full-grown culture of Friedlinder’s 
bacterium was submitted to such treatment, it was found that in 
a very short time the capsules disappeared (Burri method). 
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At the same time an enormous drop in the viscosity of the culture 
to almost that of the original broth was observed. Figure 2 shows 
the result of sonic vibration treatment on the viscosity of a young 
culture of Friedlinder’s bacterium in neopeptone-glucose. Di- 
lution series were made from this culture before and after treat- 
ment, and also after part of the culture had been heated for 10 
minutes in a boiling waterbath. For each dilution, in which the 
numbers of bacteria were known, relative viscosity was measured. 
As may be seen from figure 2, high viscosities were observed only 
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_ Fie. 2. Relative viscosities of a full grown culture of Friedlinder’s bacterium 
in 4 per cent neopeptone-1 per cent glucose and different dilutions of this culture 


with the original nutrient medium. @——@ untreated. O 0 same culture, 
10 minutes boiled at pH 8.8. © O same culture after 2 minutes sonic vibra- 
tion. 


when the structure of the capsule was maintained. The same 
amount of capsular substance, disrupted from the bacterial cells 
and dissolved, caused hardly any increase in viscosity. Boiling 
for 10 minutes did not destroy the capsule, either when the me- 
dium was slightly alkaline (pH 8.8), or when it was slightly acid 
(pH 4.4). A direct correlation therefore appeared to exist be- 
tween the relative viscosity and the presence of capsules on the 
bacteria. Figure 2 also gives an example of the interrelation of 
the relative viscosity and the concentration of encapsulated 
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bacteria. From a great number of such dilution curves of very 
viscous cultures it was found that the following equation could 
be applied: 


logs =a+0bC 


In this empirical equation C represents the number of encap- 
sulated bacteria present, a > the relative viscosity for this 
number of bacteria, and a and b are constants. This formula is 
identical with the one found to be valid for the interrelation of 
the relative viscosity and sol concentration of many hydrophilic 
colloids (Bungenberg de Jong, Kruyt and Lens 1932). 

It appears, however, that this equation cannot be applied to 
the interrelation between relative viscosity and number of bac- 
teria during growth (fig. 1-b). A closer study of figures 1-b and 
2 reveals that the curves are decidedly different, thus indicating 
that the capsule size is not the same during the entire growth 
period. This was an unexpected result and so was studied more 
fully. At regular intervals, counts and viscosity measurements 
were made on a growing culture of Friedlinder’s bacterium. A 
curve similar to the one represented in figure 1-b was thereby 
obtained. In addition, at 3, 44, 6 and 7} hour intervals after 
inoculation, dilution series were made with the same kind of 
broth in which growth occurred, and viscosities of these dilutions 
estimated: The results of these experiments are shown in 
figure 3. 

Figure 3 indeed shows that the capsular size in a growing cul- 
ture of Friedlinder’s bacterium is not constant. The dilution 
curves do not coincide as might be expected if capsular size were 
constant over the whole range of growth. In the logarithmic 
phase of growth encapsulation is very poor. The capsule size 
increases rapidly in the later stages of growth. 

By measuring the pH during growth, it appeared that en- 
capsulation occurs mainly when the pH is as low as 5.6 to 5.0, 
therefore, under conditions unfavorable for further multiplication. 
Such conditions are reached 4 hours after inoculation. After 
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6 hours, the capsules have attained their optimal size and do not 
increase further. Seven and one-half hours after inoculation, 
capsules are the same size as at 6 hours (both dilution curves 
practically coincide). 

The fact that capsules are formed mainly after the logarithmic 
period of growth was demonstrated clearly, not only with the 
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Fic. 3-a. Increase in relative viscosity of a culture of Friedlinder’s bacterium 
in 4 per —_ neopeptone-1 per cent glucose during 7} hrs. incubation at 37°C. 
— 7.5) 

a viscosities of the same culture in relation to the number of bac- 
mM present at varying times during incubation (solid line). Viscosities of 
dilutions of the same culture made with the original nutrient broth at 3, 4}, 6 and 
74 hours incubation (broken lines). 


relative viscosity technique, but also with India ink stains, taken 
at hourly intervals after inoculation (plates 2 and 3). 
INFLUENCE OF SUGAR ON CAPSULE FORMATION 


Since the capsular substance of Friedlinder’s bacterium is 
carbohydrate in nature it seemed of interest to determine whether 
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the glucose in the culture medium was a factor contributing to 
the formation of capsules. 

It appears that the presence of carbohydrate is not strictly 
necessary for capsule formation. When cultivated in a 4 per 
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Fic. 4-a. Increase in relative viscosity of cultures of Friedlinder’s bacterium 
in 4 per cent neopeptone with addition of different amounts of glucose varying 
from 0 to 1.0 per cent at 37°C. (initial pH 7.5). 

4-b. Viscosities of dilutions of the same cultures taken at the conclusion of 
the experiment (diluent: original nutrient medium). 
cent neopeptone solution at pH 7.5 as well as at pH 5.8, the 
presence of small capsules could be demonstrated by the India 
ink method after 6 hours of incubation (Plate 1). However, the 


capsules formed in sugar-free media are far inferior in size to 
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those obtained in the same medium with added sugar (Plate 3). 
It also appears that glucose, although not strictly necessary for 
the formation of capsular substance, plays an important rdéle as 
a component of capsular substance. Figure 4 shows that prac- 
tically no increase in viscosity is observed when glucose is elim- 
inated from the medium, while the glucose-containing controls 
show a marked increase. However, this difference is due in 
part to the very restricted growth in the glucose-free culture, 
(2.0 x 10° bacteria per ml. compared with 7.0 x 10° bacteria 
per ml. in the control) at the end of the experiment. 

When small amounts of glucose are added (0.1 to 0.5 per cent) 
(fig. 4) growth and capsule formation occur normally until all 
of the sugar present has been utilized. If no capsules have been 
formed during this period, they are not formed thereafter. At 
least 0.3 per cent glucose is necessary for the production of well- 
encapsulated bacteria. When all of the sugar has been fer- 
mented, multiplication continues, but bacteria developing under 
these (sugar-free) conditions are very poorly encapsulated. 
Therefore, a marked drop in viscosity is observed as soon as all 
of the glucose has disappeared, notwithstanding a slight increase 
in the bacterial count. The capsule size decreases as soon as 
the glucose supply is exhausted. Addition of formalin, at the 
moment when all of the sugar has disappeared, stops further 
proliferation and therefore no drop in viscosity is observed after 
further incubation, the capsule size remaining unchanged. 

Higher glucose concentrations (up to 10 per cent) very mark- 
edly inhibit capsule formation. The greatest capsule size is 
obtained by adding from 3 to 1 per cent glucose to the culture 
medium. Lower concentrations are insufficient to obtain the 
conditions favorable for capsule formation, while higher concen- 
trations are inhibitory. 

The utilization of several other fermentable substrates in the 
synthesis of the capsular polysaccharide was studied. One per 
cent solutions of different sugars and other fermentable substrates 
in 4 per cent neopeptone broth were inoculated with Friedliinder’s 
bacterium, incubated, and each half hour the relative viscosity 
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was measured. Figure 5 shows the results of these experiments. 
As may be seen the most rapid increase in viscosity occurs in the 
presence of glucose, but considerable increase occurs also in the 
presence of sucrose, maltose and mannitol. Pyruvie acid, 
glycerol, rhamnose and salicin give less marked increases. Lac- 
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Fia. 5-a. Increase in relative viscosity of cultures of Friedliinder’s bacterium 
in 4 per cent neopeptone with the addition of 1 per cent of several different fer- 
mentable substrates during 8 hours incubation at 37°C. (initial pH 7.5). 

5-b. Viscosities of dilutions of the same cultures taken at the conclusion of the 
experiment (diluent: original nutrient medium). 


tose, which is practically non-fermentable by the strain used, 
produces no increase in viscosity. 

In order to compare the average size of the capsules in the 
presence of the different fermentable substrates, dilution curves 
were made at the end of the experiment. Relative viscosities 
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for each of the cultures, in relation to the amounts of encapsulated 
bacteria present, are represented in figure 6-a. It appears from 
these curves that capsules in the glucose, sucrose, or maltose 
medium are practically of the same size. In mannitol medium 
they are somewhat smaller, and in pyruvate, glycerol or rham- 
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Fie. 6-a. Increase in relative viscosity of cultures of Friedlinder’s bacterium 
in 4 per cent solutions of different culture media and 1 per cent glucose during 7} 
hours incubation at 37°C. (initial pH 7.5). 

6-b. Viscosities of dilutions of the same cultures taken at the conclusion of the 
experiment (diluent: original nutrient medium). 
nose medium considerably smaller. It appears also that the 
capsular substance of Friedliinder’s bacterium may be synthe- 
sized from many different substrates: this is in striking contrast 
to several non-pathogenic bacteria such as Betacoccus dextranicus, 
which species is able to synthesize its capsules from sucrose only. 
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INFLUENCE OF THE SOURCE OF PROTEIN ON CAPSULE FORMATION 


Higher concentrations of neopeptone favor growth but not 
capsule formation, inasmuch as capsule size is the same in a } per 
cent as in a 4 per cent neopeptone broth. Other kinds such as 
(Difco) bactopeptone and Witte peptone give the same result. 
Growth in these media is somewhat slower, but as may be seen 
from the dilution curves of figure 6, capsule size in these differ- 
ent media is the same. Unexpectedly, however, many culture 
media were found in which growth was as good as in neopeptone, 
but which were completely unsuitable for capsule formation. 
Four per cent solutions of bactotryptone, yeast extract, Loeffler’s 
blood serum, and brain-heart infusion, all neutralized to pH 
7.5, and to which 1 per cent glucose was added, were very favor- 
able culture media for growth, some even better than neopeptone, 
but capsule formation in these media was extremely poor, as 
may be seen from the dilution curves in figure 6, and Plate 4. 
By the addition of increasing amounts of yeast extract to a 2 
per cent neopeptone-1 per cent glucose solution, it was found that 
encapsulation was inhibited; there was greater inhibition with 
increasing amounts of yeast extract. Apparently yeast extract 
(and probably also the other unfavorable media) contain some 
unknown factor which is responsible for this inhibition of en- 
capsulation. 


CAPSULE FORMATION IN SYNTHETIC MEDIA 


Since Friedliinder’s bacterium is able to multiply actively in 
synthetic media of divergent compositions, it was of interest to 
determine whether capsule formation would occur also in such 
media. This not only appears to be the case, but capsule size 
in synthetic media under special conditions may even exceed the 
size obtained in neopeptone. However, capsule formation in 
synthetic media is much more delicate than in the ordinary 
peptone media. 

A 2 to 4 per cent solution of asparagin in distilled water con- 
taining 1 per cent glucose and neutralized to pH 7.5 does not 
allow any growth, due to the lack of the required inorganic salts. 
However, when to this medium are added traces of Na:sHPO, 
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(0.0005 to 0.001 per cent) growth becomes possible, but the me- 
dium is still far from a favorable one. Bacteria growing under 
these conditions, however, are surrounded by capsules equal in 
size or even larger than in the usual neopeptone medium (fig. 7). 

When more than traces of Na:HPO, are added (e.g., 0.0012 to 
0.0015 per cent or more) growth becomes more pronounced, but 
encapsulation is very restricted. It also appears that encapsula- 
tion in synthetic media takes place only when growth is inhibited 
by an inadequate amount of phosphate. This fact, of course, is 
in line with the observation that encapsulation in the 4 per cent 
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Fic. 7-a. Increase in relative viscosity of cultures of Friedlander’s bacterium 
in 3 per cent asparagin-1 ¢ cent glucose solution in distilled water with addition 
of increasing amounts of Na,HPQ, during 8 hours incubation at 37°C. (initial 
pH 7.5). ae ne 

7-b. Viscosities of dilutions of the same cultures taken at the conclusion of 
the experiment (diluent: original nutrient medium). 


neopeptone-1 per cent glucose medium takes place after the 
logarithmic growth phase, when growth is restricted due to un- 
favorable conditions. 

Addition of MgSO, (0.01 per cent), KCl (0.1 per cent) and a 
NaHCO; buffer (1 per cent) added either separately or together, 
favors growth in the 3 per cent asparagin-1 per cent glucose- 
0.0005 per cent Na,HPO, medium, but there is still a lack of 
phosphorus and capsule size remains the same. Due to the in- 
creased growth, the relative viscosity is much increased by 
addition of the inorganic salts. 
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Similar results are obtained when to a 3 per cent asparagin-! 
per cent glucose solution traces of neopeptone are added (0.05 
Growth then becomes possible but the medium 


to 0.1 per cent). 

is still far from favorable. The bacteria, however, are surrounded 
by capsules of a size larger than in any other medium tested. 
Phosphate addition (0.01 per cent) or increase in neopeptone 
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Fic. 8-a 
Fia. 8-a. Increase in relative viscosity of cultures of Friedlinder’s bacterium 


in 3 per cent asparagin-1 Rr cent glucose solution in distilled water with the 
addition of increasing small amounts of neopeptone. The same for cultures in 


4 per cent neopeptone-l per cent glucose medium. 
8-b. Viscosities of dilutions of the same cultures taken at the conclusion of the 


experiment (diluent: original nutrient medium). 
concentration (0.1 to 0.5 per cent) favors growth, but makes the 
medium less suitable for encapsulation (fig. 8). 

These observations once more stress the fact that the conditions 
under which capsules are produced are not identical with the 


conditions under which maximal growth occurs; on the contrary, . 
there seems to exist a contra-relation between growth and en- 
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capsulation, inasmuch as capsule production seems to occur 
mainly under conditions unfavorable for growth. 


INFLUENCE OF THE pH OF THE MEDIUM AND OF THE INCUBATION 
TEMPERATURE ON ENCAPSULATION 


Friedlinder’s bacterium is able to grow over a very wide pH 
range, from about pH 5.0 to pH 9.0, its optimal growth being at 
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Fia. 9-a Fic. 9-b 

Fic. 9-a. Increase in relative viscosity of cultures of Friedlinder’s bacterium 
in 4 per cent me eT per cent glucose incubated at varying temperatures 
(32-42°C.) (initial pH 7.5). 

9-b. Viscosities of dilutions of the same cultures taken at the conclusion of the 
experiment (diluent: original nutrient medium). 
pH 7.5. It appears, however, that encapsulation is practically 
independent of the pH of the medium. The same capsule size 
was obtained in 4 per cent neopeptone-1 per cent glucose, neu- 
tralized to pH 6.5, 7.0, 7.5 and 8.0. When not otherwise stated, 
in all experiments the medium was neutralized to pH 7.5. 


Friedlainder’s bacterium will develop over a wide range of 
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temperature up to 42°C. Its optimum temperature is 37°C. 
A sharp drop is observed above 37°C. Below 37°C., growth is 
retarded but the decline is a gradual one. The same may be 
said for the increase in relative viscosity. Growing in 4 per cent 
neopeptone-1 per cent glucose at pH 7.5, the greatest increase in 
viscosity is observed when incubated at 37°C. At 40°C., this 
increase is markedly retarded, and at 42°C. almost no increase in 
viscosity is observed (fig. 9). Capsules of bacteria grown at 
40°C., and especially at 42°C., are much smaller than at 37°C. 
It is probable that at higher incubation temperatures, sugar is 
fermented to a greater extent (more acid is formed) and less 
synthesis to polysaccharide takes place. At temperatures lower 
than 37°C., capsule size diminishes gradually with decrease in 
temperature, at 32°C. the size being considerably smaller than 
at 37°C. (When not otherwise stated all experiments have been 
performed at 37°C.) 


THE INFLUENCE OF BUFFER IN THE MEDIUM 


A. NaHCO, 


The addition of NaHCO, up to 1 per cent to the nutrient broth 
increases growth markedly, probably by neutralizing part of the 
acids formed during fermentation. Viscosity in the presence of 
NaHCO, increases tremendously, 5 hours after inoculation the 
relative viscosity having increased to a value of almost 12 (fig. 10). 

Since capsule size is not at all, or only slightly, affected by the 
addition of NaHCO; such an addition may be advocated, for 
instance, in the isolation of capsular polysaccharides from cul- 
tures of Friedlinder’s bacterium. 


B. NaH PO, 


The addition of Na;sHPO, to the nutrient broth also causes a 
marked increase in growth and viscosity compared with the 
phosphate-free culture. However, this increase is less than that 
caused by NaHCO. A slight precipitate is formed, probably of 
Ca-phosphate. When this precipitate is not removed, capsule 
size is the same as in the medium without phosphate, although 
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Fic. 10-a. Increase in relative viscosity of cultures of Friedlinder’s bacterium 
in 4 per cent neopeptone-1 per cent glucose medium with and without addition of 
carbonate or phosphate buffer during 8 hours incubation at 37°C. (initial pH 7.5). 

10-b. Viscosities of dilutions of the same cultures taken at the conclusion of 
the experiment (diluent: original nutrient medium). 
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the viscosity is much higher, due to the better growth. When, 
however, this precipitate is removed from the culture medium, a 
marked inhibition of capsule formation is observed. This in- 
hibition is due to the removal of practically the entire calcium 
content of the culture medium. This was proved to be true by a 
preliminary treatment of the culture medium with Na oxalate in 
such amount that all of the calcium originally present was 
precipitated. Capsule formation in such a medium deprived of 
calcium is much inferior to that in the original medium, but by 
adding calcium in the form of calcium chloride in the amount that 
originally was present, capsule formation becomes normal. This 
indicates that calcium may play an important role in the forma- 
tion of capsular substance. 


IS HEAVIER ENCAPSULATION DUE TO SWELLING OF THE CAPSULES 
OR TO AN INCREASED PRODUCTION OF CAPSULAR 
SUBSTANCE? 


The question arises whether varying capsule size is really due 
to an increased production of capsular material or whether it can 
be ascribed to a greater or lesser swelling of the capsules. This 
possibility must be taken into consideration, since it is possible 
to demonstrate a marked swelling of capsules in general by addi- 
tion of suitable amounts of antiserum (Neufeld reaction). This 
reaction, however, is specific inasmuch as it can be brought about 
only by type-specific antisera. Its mechanism is entirely un- 
known. Consequently the amount of capsular material produced 
in several different culture media was determined by the com- 
-bining equivalent method of Felton and Stahl (1935). 

Cultures of Friedliinder’s bacterium were prepared in 4 per 
cent neopeptone with and without addition of 1 per cent glucose, 
and also in 4 per cent yeast extract-1 per cent glucose. These 
cultures were incubated for 7 hours, after which counts were made 
to determine the bacterial population. Each culture was then 
diluted with saline until the bacterial concentration was 10° 
bacteria per ml. The cultures were subjected to a 10-minute 
treatment with ultrasonic vibration, which brings the capsules 
completely into solution. 
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Dilution series of these polysaccharide solutions were prepared 
and 0.3 ml. of each dilution were mixed with 0.3 ml. of antiserum. 
It was then determined which dilution contained just enough 
polysaccharide to combine with all the antibodies present in 
a standard amount of anti-serum. A culture of 4 per cent 
neopeptone without glucose (10* bacteria per milliliter) had to 
be diluted 1:2; the culture in 4 per cent yeast extract—1l per 
cent glucose had to be diluted 1:4; a three-hour culture in 
4 per cent neopeptone—1 per cent glucose, (10* bacteria per 
milliliter) also had to be diluted 1:4; however, a seven-hour 
culture in 4 per cent neopeptone—1 per cent glucose had to be 
diluted 1:16 in order to precipitate all of the polysaccharide 
present. 

This makes it clear that the amount of polysaccharide produced 
per bacterium in 4 per cent neopeptone—1 per cent glucose, was 
about 4 times that in 4 per cent yeast extract, and about 8 times 
that in 4 per cent neopeptone without glucose. 

Since the results of these polysaccharide determinations on 
cultures in various media are in agreement with the viscosity 
measurements, and with the sizes of capsules as demonstrated by 
India ink smears, it seems, that heavier encapsulation means 
greater production of polysaccharide and not merely swelling of 
the capsules. 

Similar results were obtained by estimation of the dry weight of 
the precipitated bacteria from 20 ml. of cultures of Friedlinder’s 
bacterium in the media mentioned above, after precipitation with 
20 ml. of alcohol. The highest dry weight for a standard amount 
of bacteria was obtained from a seven-hour culture in 4 per cent 
neopeptone—1 per cent glucose. 


DISCUSSION 


Many investigators are of the opinion that heavy capsule 
formation takes place only in the animal body as a protection 
against phagocytosis, that continued subculturing on artificial 
media gives rise to a gradual diminution in capsule formation, 
and that repeated animal passages may completely or partially 
restore the loss. 
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As a matter of fact, there is little reason to assume that body 
fluids would possess such a magical action by which pathogens 
could encapsulate themselves. This study indicates that the 
reason why many encapsulated organisms lose their capsules by 
continued subculturing on artificial media may be that the media 
upon which they are cultivated contain such abundance of nu- 
trient substances that there is no tendency towards encapsulation. 

In many cases, it has been shown that encapsulation occurs 
under conditions unfavorable for growth and not when active 
proliferation is occurring. Instead of transplanting freshly 
isolated mucoid strains frequently, it seems more reasonable to 
store them as long as possible and to transplant them no oftener 
than is absolutely necessary. 

The abundance with which Friedlinder’s bacterium forms 
capsular polysaccharides under certain circumstances offers no 
reason to believe that the capsule is a cell constituent; it is more 
reasonable to consider it as a metabolite. Under certain condi- 
tions the normal bacterial metabolism is changed and instead of 
the normal assimilation to new cell-material (growth), abnormal 
assimilation takes place in which polysaccharides are synthesized 
from the intermediates of the sugar break-down. 

To what extent the formation of capsules only after the 
logarithmic phase of growth is a general phenomenon is not 
known, but it may be stated that Betacoccus dextranicus (Leu- 
conostoc mesentericus) behaves similarly to Friedlinder’s bacte- 
rium in this respect. 


SUMMARY 


1. Friedlinder’s bacterium was grown in Ostwald viscosity 
tubes, and, from the determinations of relative viscosity and 
simultaneous bacterial counts, deductions could be made as to 
the degree of encapsulation. 

2. The largest capsules were obtained by cultivation for about 
8 hours at 37°C. in a medium containing 1 to 4 per cent peptone 
and 1 per cent glucose, initial pH 7.5. 

3. Capsule formation took place mainly after the logarithmic 
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phase of growth when the multiplication of the bacteria became 
restricted. 

4. In the absence of sugars, the capsules were very small. The 
presence either of glucose, maltose, sucrose, mannitol, or to a 
lesser extent, pyruvate or glycerin, was necessary to ensure the 
formation of large capsules. 

5. The protein source was also important for encapsulation. 
Neopeptone, Witte peptone or bactopeptone served equally well 
as sources of protein. However, several media such as yeast 
extract, Loeffler’s blood serum, and brain-heart infusion con- 
tained factors, as yet unknown, which inhibited encapsulation 
markedly, although they did not affect the growth of the bacteria. 

6. In a synthetic medium, capsule formation took place only 
under special conditions, i.e., when the phosphate concentration 
was below the limits of optimal bacterial growth. 


The author wishes to express his gratitude to Dr. Ellice Mc- 
Donald, Director, for his interest and support throughout this 
work. 

REFERENCES 

BUNGENBERG DE Jona, H. G., Kruyt, H. R., anp Lens, J. 1932 Zur Kenntnis 
der lyophilen Kolloide. XVI. Viskositét und Solkonzentration. Kol- 
loid-Beihefte, 36, 429-462. 

Burri, R. 1909 Das Tuscheverfahren. Jena. 

Ernstetn, A. 1911 Berichtigung zu meiner Arbeit: ‘‘Eine neue Bestimmung 
der Molekiildimensionen.’’ Ann. Physik. (IV), 34, 591-592 

Fevton, L. D., anpStanzt,H.J. 1935 A method for the standardization of anti- 
pneumococcus horse sera and concentrates. U.S. Pub. Health Repts. 
60, 1730-1738. 

Jerrery, G. B. 1922 The motion of ellipsoidal particles in a viscous fluid 
Proc. Roy. Soc. (London) A 102, 176-179. 

ScHLOssBERGER, H., anp Menx, W. 1930 Ein zur Gruppe des B. pneumoniae 
Friedlander gehériger Mikroorganismus als Ursache spontaner Pneu- 
monie bei einer Biberratte. Zentr. Bakt. Parasitenk., I Abt., 119, 
123-126. 

v. Smo_ucnowsk1, M. 1916 Theoretische Bemerkungen iiber die Viskositat 
der Kolloide. Kolloid-z., 18, 190-195. 








388 J. C. HOOGERHEIDE 


PLATES i-4 


Inp1A INK SMEARS OF ENCAPSULATED FRIEDLANDER’S BacTERIUM GROWN 
UNDER DIFFERENT CONDITIONS 


Pate 1. Encapsulated bacteria from a 4 per cent neopeptone culture without 
addition of carbohydrates. 

PLATE 2. Encapsulated bacteria from a 4 per cent neopeptone-l per cent glu- 
cose culture (3 hours after incubation). 

Piate 3. The same culture 7 hours after incubation. 

Puate 4. Encapsulated bacteria from a 4 per cent yeast extract-1 per cent glu- 
cose culture. 











OURNAL OF BACTERIOLOGY, VOL x xk KY 








are ent tA 





Poh RY 














MG tte bes dae 
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The use of manometric methods in the evaluation of germicides 
has received comparatively little consideration in the past. 
Bronfenbrenner, Hershey and Doubly (1938) have reported the 
use of such a method based on a 50 per cent inhibition of oxygen 
consumption by a bacterial suspension during an arbitrarily 
chosen interval between the 15th and the 20th minute. 

This paper presents data represented by the accompanying 
graphs bearing on the following questions relating to the use of 
the manometric method in the evaluation of germicides: 

1. The relation between the inhibition by germicides of oxygen 
consumption of a bacterial suspension and the subsequent ability 
of the suspension to grow when subcultured. 

2. The effect of germicides on oxygen consumption in relation 
to time. 

3. A comparison of the amount of inhibition of oxygen con- 
sumption caused by several germicides on bacterial suspensions 
and the relative number of organisms killed. 

4. A comparison of the effect of several germicides on bacteria 
suspended in a synthetic medium and in rabbit serum. 


METHODS 


Escherichia coli was used as the test organism. Eighteen- to 
twenty-hour cultures on agar slants of Bacto heart-infusion broth 
were suspended either in rabbit serum or in the synthetic medium 
described below, a uniform suspension being obtained by filtration 
through a pad of cotton to remove clumps. Oxygen consump- 
tion was measured by the usual Warburg technic at 37.5°C. 

391 
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Following the manometric determination, subcultures were 
made in heart-infusion broth. 

A typical experiment is as follows: 1.1 ml. of the bacterial 
suspension was placed on the floor of each of the reaction vessels, 
and 0.4 ml. of 4N-NaOH in the well (with a strip of filter paper) 
for carbon dioxide absorption. The germicidal solution was 
placed in the side arms of the vessels except for the control, in 
which distilled water was substituted. After an initial period of 
observation during which the respiration of the samples was 
uniform, the germicide was added from the side arm and observa- 
tions made at suitable intervals. This technic was varied slightly 
in some experiments. It was found advantageous, in some cases, 
to add the germicide directly to the bacterial suspension at the 
beginning of the determinations. 

The synthetic medium used, and hereafter designated as S. 
Medium, had the following composition. 


Dipotassium phosphate. sei saree a 0.05 grams 
Magnesium acid phosphate... . ETN CRBS 0.05 grams 
Ferric citrate........... nee aoe , ree . 0.005 grams 
ee eens bes . 2.00 grams 
Sodium citrate....... Se eee eee Sy 0.25 grams 
Ammonium sulphate as ; 0.30 grams 
Calcium nitrate........ beret 0.025 grams 
Distilled water........ Ae ae ; 100.00 ce. 
Sodium hydroxide to....... Peer ere ..... pH 7.4 


The strain of EZ. coli used shows considerable growth in this 
medium when small inocula are used. However, in suspensions 
of the concentrations used in these experiments, a rather rapid 

‘and uniform respiration occurs with no increase in population. 

Absolute sterility of apparatus and technic was not maintained 
in the greater number of the experiments, it being considered that 
the relatively short experimental period would not allow foreign 
bacteria to become established sufficiently to influence the mano- 
metric results. That this supposition was true was shown by 
several experiments in which sterile conditions were maintained, 
the sterility being checked by plate cultures. In a number of 
experiments in which sterile conditions were not maintained, 
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plate cultures showed the presence of less than 1% of foreign 
organisms. 


EXPERIMENTAL RESULTS 


1. The relation between the inhibition by germicides of oxygen 
consumption and the subsequent cultural results 


The number of organisms per ml. in the suspensions used in 
this series of experiments was not constant, the growth from one 
slant suspended in 7 to 10 ml. of S. medium giving approximately 
3.5 x 10° to 4.5 x 10° organisms per ml. 

The results indicate that so long as a suspension of bacteria 
shows any trace of oxygen consumption it contains viable bacteria 
but when the oxygen uptake is reduced to zero the suspension 
contains only dead organisms. Figure 1 shows a typical example. 
Curve 4 in figure 1 shows that although the respiration may be 
inhibited almost completely positive subcultures still result. 
Similar results were obtained in a number of other experiments 
not shown here. In the figures a positive culture is represented 
by a plus (+) sign, a negative culture by a minus (—) sign. 
From these results it appears safe to assume that all of the or- 
ganisms are killed when the oxygen uptake becomes zero. Figure 
2 confirms this assumption showing that at the end of a 15- 
minute period, cultures were positive if the oxygen consumption 
was still evident during the period, but negative if the oxygen 
consumption had been zero during the period. 


2. The effect of germicides on oxygen consumption in relation to time 


The results of any of the experiments may be used for the 
preparation of data relating to this question by calculating the 
percentage of inhibition of oxygen consumption during successive 
observation periods. The data for successive half-hour periods 
for several experiments are represented by figure 3. This figure 
shows that the percentage inhibition increases with time in each 
case until a maximum is attained. If the degree of inhibition 
reaches 100 per cent the culture is dead; if below 100 per cent 
the inhibition remains at the maximum for successive periods. 
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In no case did the amount of inhibition recede from the maximum, 
except in amounts which might be ascribed to experimental error. 


8. A comparison of the amount of inhibition of oxygen consumption 
caused by several germicides on a bacterial suspension and the 
relative number of organisms killed 


(a) E. coli, 2.6 * 10° organisms were suspended in a dilution 
of 1:100 of sulfanilamide in 8S. medium. During a period of 
1.25 hours the respiration had been inhibited 55 per cent with 
reference to the control, with very little, if any, reduction in the 
number of living organisms as shown by plate cultures. 
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Fic. 3. THe PeRcENTAGE INHIBITION OF OXYGEN ABSORPTION DURING 
SuccessivE Ha.r-Hour PEriops 


(b) E. coli, 1.7 xX 10° organisms were suspended in 1: 120 
sulfanilamide in rabbit serum (serum 5 parts + distilled water 
13). During a period of 1.25 hours the respiration of the bacterial 
suspension had been inhibited 50 per cent with no reduction in 
the number of living organisms in comparison with the control 
suspension. 

(ec) E. coli, 2.6 xX 10° organisms were suspended in 1: 128,000 
merthiolate in S. medium. In 15 minutes the respiration had 
been inhibited 61 per cent and the number of living organisms 
reduced by 43 per cent with reference to the control. 
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(d) E. coli, 1.7 X 10° organisms were suspended in merthiolate 
1:9500 in rabbit serum. The respiration was inhibited 33 per 
cent in a 30 minute period. It was then found that the number 
of living organisms had been reduced by only 7 per cent. 


4. A comparison of the effect of several germicides on bacteria 
suspended in S. medium and in rabbit serum 


In this series of experiments the final serum suspending medium 
(after the addition of the germicide solution) was composed of 
0.55 ml. of serum and 1.05 ml. of distilled water in each reaction 
vessel. In each experiment the number of bacteria suspended 
in the S. medium and in the serum was the same. 

The germicidal effects of merthiolate, sulphated castor oil! 
containing 20 per cent sodium o-phenyl-phenate, and tincture 
of iodine were greatly reduced in the presence of serum. Typical 
of these results are those shown by figure 4 for merthiolate. 
Tincture of iodine killed the culture (1.9 x 10° bacteria per ml.) 
in approximately 15 minutes in 8. medium but caused in serum 
only a 74 per cent inhibition in respiration at the end of 30 
minutes. Sulphated castor oil containing sodium o-phenyl- 
phenate caused only a 32 per cent inhibition of respiration in a 
suspension in serum containing 2.2 x 10° bacteria per ml. during 
a period of 1.25 hours following its addition to the suspension, 
whereas in S. medium the culture was killed in approximately 
15 minutes. Merthiolate caused, in serum, only a 10.5 per cent 
inhibition of respiration in a period of 2.75 hours following its 
addition to the suspension as compared with a 78 per cent in- 
hibition when in 8. medium (fig. 4). 

The germicidal power of sulfanilamide was unaffected by serum, 
showing in 4 hours 45 per cent inhibition of respiration in serum 
and 40 per cent inhibition in S. medium (fig. 5). 

Formaldehyde (U.S.P.) in a concentration of 1:800 caused a 
66 per cent inhibition of respiration in serum during a period of 


1 The sulphated castor oil was supplied by the National Oil Products Co., 
Harrison, N. J. In a sulphated oil the sulphuric acid is added onto the fat by 
means of an ester grouping rather than as a direct carbon to sulphur linkage as 
in sulphonated oils. 
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30 minutes and a 76 per cent inhibition in S. medium (1.7 x 10° 
bacteria per ml.). Phenol in a concentration of 1 to 250 caused a 
72 per cent inhibition in respiration over a period of 2.25 hours in 
serum and a 75 per cent inhibition in 8. medium (2.7 x 10° 
bacteria per ml.). 


DISCUSSION 


The germicides, in the concentrations used and under the 
conditions of these experiments, caused varying degrees of in- 
hibition of the respiration of EF. coli with a lethal effect if the 
inhibition of respiration was 100 per cent. The evidence pre- 
sented under section 3 indicates that with sulfanilamide, a 
respiratory inhibition of #. colt in 8. medium, or in rabbit serum, 
of 55 per cent or less, may be attained with little or no killing of 
the bacteria. Whether or not a higher concentration of this 
germicide, causing a greater inhibition of respiration, would 
prove lethal to some of the bacteria of the suspension has not 
been determined. 

Aqueous merthiolate, in contrast to sulfanilamide, was lethal 
to some of the organisms when only a 33 per cent inhibition of 
respiration was reached and to a much greater extent when a 
61 per cent inhibition of respiration had occurred. It would 
appear from these results that the effect on Z. coli of an aqueous 
solution of merthiolate may differ somewhat from that of sul- 
fanilamide. 

It seems reasonable to assume that merthiolate, and probably 
some of the other germicides as well, affected the respiration of 
all of the organisms in the suspensions and killed first the weaker 
members of the population. This assumption is based on the 
fact that the percentage inhibition of respiration caused by 
merthiolate was much greater than the relative percentage of the 
organisms in the suspension which were killed, and presupposes 
that the respiration of one bacterium is equal to that of another, 
which it must be admitted may not be true. 

Apparently, it is necessary that a germicide suppress the res- 
piration of a bacterial suspension to a considerable extent before 
any lethal effect occurs. For example, merthiolate was found to 
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have killed only 7 per cent of the living organisms of a suspension 
in a 15-minute period during which the respiration had been 
inhibited by 33 per cent. It seems probable that a sufficiently 
low concentration of germicide might show some inhibition of 
respiration with no killing effect whatever. 

Merthiolate in a concentration which produced an inhibition 
of respiration of 61 per cent killed 43 per cent of the organisms of 
a suspension, whereas sulfanilamide in concentrations which 
produced in one case a 55 per cent inhibition of respiration and in 
another case a 50 per cent inhibition had little or no killing effect. 
The question naturally arises as to the accuracy of phenol co- 
efficients of germicides determined by a comparison of their 
effects on the oxygen consumption of bacterial suspensions with 
that of phenol. If comparable amounts of inhibition of respira- 
tion by different germicides indicate that comparable numbers of 
the bacteria have been killed, the phenol coefficients so deter- 
mined should be accurate. However, it is not certain at present 
that this is the case. Further investigation of this question 
seems necessary since differences in this respect between germi- 
cides other than merthiolate and sulfanilamide may be found. 


SUMMARY AND CONCLUSIONS 


1. Manometric studies of the effects of several germicides on 
the oxygen consumption of Escherichia coli ina synthetic medium 
have been made and compared with the lethal effects as shown by 
subsequent cultures. A complete inhibition of respiration was 
found necessary to render the organisms incapable of growth when 
subcultured. If even a slight respiration was evident positive 
cultures resulted. On the other hand negative cultures always 
resulted as soon as the respiration reached zero. 

2. When germicides were added to suspensions of EF. coli the 
percentage of inhibition of respiration increased during each 
successive observation period until a maximum was reached. 
In no case did the effect recede from the maximum. 

3. The relation between the degree of inhibition of respiration 
and killing by sulfanilamide and by merthiolate was found to 
differ in that the amount of inhibition of respiration by sulfanil- 
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amide without a killing effect was greater than that for mer- 
thiolate. 

4. The presence of serum greatly inhibited the germicidal 
effect of merthiolate, tincture of iodine and sulphated castor oil 
containing sodium o-phenyl phenate, had little or no effect 
on sulfanilamide, and only a moderate effect on phenol and 
formaldehyde. 


The author wishes to express his appreciation to Dr. Ellice 
MeDonald, Director, for his interest and support throughout 
this work. 
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INVESTIGATIONS UPON THE ANTIGENIC RELATION- 
SHIPS AMONG THE ROOT-NODULE BACTERIA OF 
THE SOYBEAN, COWPEA, AND LUPINE CROSS- 
INOCULATION GROUPS! 
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Department of Agricultural Bacteriology, University of Wisconsin 


Received for publication March 17, 1939 


Although several workers have investigated the serological 
characteristics of the organisms in the genus Rhizobium, few 
have given much consideration to the possible relationships 
between bacteria isolated from plants of the soybean, cowpea, and 
lupine groups. Moreover, none of these workers has had the 
benefit of recent discoveries in immunology, which have made new 
concepts and new techniques available for studies of the antigenic 
constitution of bacteria. 

The frequency with which recent papers (Leonard, 1923; 
Sears and Carroll, 1927; Hansen and Tanner, 1931; Carroll, 
1934; Walker and Brown, 1935; Raju, 1936; Reid, 1936; Conklin, 
1936; Toxopeus, 1936; Bushnell and Sarles, 1937) have reported 
“‘inter-crossings’’ among the bacteria and plants of the soybean, 
cowpea, and lupine groups, and the consequent confusion at- 
tending upon the classification of both plants and bacteria in 
these groups, has made advisable some study of the antigenic 
constituents of these bacteria. Such a study must necessarily 
consider the roles played by flagellar and by capsular substances 
in determining the serological specificity of a bacterial strain. 
The agglutination test appeared to lend itself best to a study of 
this sort. 


1 Supported in part by a grant from the Wisconsin Alumni Research Founda- 
tion. Portion of a thesis submitted in partial fulfilment of the requirements 
for the Ph.D. degree. 

Published with the approval of the Director of the Wisconsin Agricultural 
Experiment Station. 
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METHODS 


Antisera were prepared with strains of bacteria obtained from 
plants in each of the three groups. The strains were so selected 
that some formed nodules as readily on soybean as on cowpea 
and lupine plants, while others formed nodules on two, but not 
on all three, of the host plants. The ability of these strains to 
infect the different host plants was established by Reid (1936) 
in a number of consecutive greenhouse experiments made under 
the wide range of variation in length of day experienced in Madi- 
son, Wisconsin. The cross-inoculation relationships of the strains 
used as antigens are given in table 2. 


Preparation of antigens 


The organisms were grown on slants of yeast-water mannitol 
mineral-salts agar medium containing potato extract, which 
supplies an accessory growth factor (Sarles and Reid, 1935) 
favoring both the growth and production of capsular polysac- 
charides of the organisms from soybeans, cowpeas, and lupines. 
After 5 days at 28°C., the growth was washed from the agar and 
suspended in 0.5 per cent sodium chloride solution. 

From each strain three antigens were prepared: 

1. A suspension of the untreated cells was used as the ‘‘whole- 
cell antigen,’’ referred to as the “‘whole-antigen.”’ 

2. A suspension of cells, heated for two hours in flowing steam 
to inactivate the ‘“‘flagellar’’ proteins, provided the “heated 
antigen.” 

3. Cells believed to be capsule-less were obtained by treating 
the suspensions with warm 0.5 per cent saline solution at 65°C., 
(Hopkins, Peterson, and Fred, 1930) followed by centrifugation. 
Three successive washings with warm saline solution removed 
the gum, and the ‘“‘flagellar’”’ proteins were inactivated by heating 
the capsule-free cells in flowing steam for two hours. This 
capsule-less, flagella-less form of antigen is called, for want of a 
better term, the “‘washed-heated antigen,” or “‘washed-antigen.”’ 


Preparation of immune sera 


Each of the antigens, suspended in 0.5 per cent sodium chloride 
solution, was then injected intraperitoneally at intervals of 5 
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days into a separate rabbit. The dose increased from 1.0 ml. 
of the stock suspension at the first injection to 2.0 ml., then 3.0 
ml., and finally to 3.5 ml. at the fourth and last injection. One 
week after the last injection each rabbit was bled from the ear; 
the blood was placed in the refrigerator for 24 hours; then the 
serum was removed and stored at 4°C. No preservative was 
used, except in the sera for Soybean strain 10, Cowpea strain 
602, and Lupine strain 16,400 which were preserved with 0.5 
per cent phenol. 

Sera were prepared against antigenic modifications of 10 
different strains of root-nodule bacteria: 4 from soybeans, 3 
from cowpeas, and 3 from lupines. In some instances, in order 
to introduce more strains into the study, only 2 antigenic modi- 
fications of the strains were used; (in one other the rabbit being 
immunized died a few days before it was to have been bled, so 
that the serum it was to have provided was lost). In all, 25 
different antisera were obtained, and are listed below: 


WHOLE-CELL HEATED WASHED-HEATED 

Soy 10 Soy 10 Soy 10 

Soy 505 Soy 505 Soy 505 

Soy 500 Soy 500 

Soy 507 Soy 507 

Cowpea 601 Cowpea 601 Cowpea 601 

Cowpea 602 Cowpea 602 Cowpea 602 
Cowpea 603 

Lupine 804 Lupine 804 Lupine 804 

Lupine 810 Lupine 810 


Lupine 16,400 Lupine 16,400 Lupine 16,400 


Agglutination tests 


These antisera were employed in simple cross-agglutination 
tests against the three modifications of ‘“‘whole-cell,”’ ‘“heated,”’ 
and ‘‘washed-heated”’ antigens prepared in the same manner as 
were the immunizing antigens from 54 strains of root-nodule 
bacteria from plants in the soybean, cowpea, and lupine cross- 
inoculation groups. 
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Whole-cell antigens prepared from rhizobia from alfalfa, clover, 
and pea plants were also tested against these antisera. 

The test-antigens were suspended in 0.5 per cent saline solution 
containing 0.5 ml. of a 40 per cent solution of formaldehyde per 
100 ml. of antigen. The dilutions of serum were also prepared 
with a similar salt-formalin solution in order to prevent growth 
of organisms in the lower dilutions during the period of incubation 
of the tests. The sera were used in dilutions of 1:50, 1:100, 
1:200, 1:400, 1:800, 1:1600, 1:2000, 1:3200, 1:4000, and 
1:6400; sometimes other dilutions were interpolated in the lower 
ranges or added at the upper limits. The tubes were allowed to 
incubate 18 to 20 hours at 37°C. before the titers were recorded. 
Each test was performed at least twice. 


RESULTS AND COMMENT 


The data presented in the tables are those which provide the 
most information with the least amount of detail; the rest of the 
data obtained, while bearing out the general conclusions drawn 
from the cited figures, are not included because to present them 
would provide too cumbersome and too confusing a compilation. 

The most striking feature of the results given in table 1 is the 
large number of “serological types’’ found among the strains 
studied. These results confirm those of Stevens (1923) who 
concluded that the agglutination test can not be used to identify 
all strains of a single species of the root-nodule bacteria. The 
antigenic constitution of different strains within a species is 
apparently dissimilar; hence an antiserum for one strain of, for 
example, Rhizobium japonicum, will not agglutinate all strains 
of that species. The many minus signs in this table, each mark- 
ing an instance where there was no clumping of the test antigen 
by the serum employed, offer testimony to this limitation of the 
agglutination reaction. 

The success of Lancefield (1933) and of Plummer (1935) in 
their serological classification of the streptococci by means of the 
precipitation reaction suggests that perhaps that method is 
better suited than is the agglutination reaction for distinguishing 
the species antigen as well as the more variable type-antigens 
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TABLE 1 


Serological types: highest dilution at which clumping of whole-cell test-antigens was 


obtained with antisera prepared against whole-cells 


ANTISERA PREPARED AGAINST WHOLE-CELL ANTIGENS OF: 


WHOLE-CELL TEST 
ANTIGENS 
505 10 500 507 601 


Rhizobium japoni- 


cum: 
et. 6< + 1,600 
Soy 10.... 800 6,400 2,000 200 400 3,200 
Soy 500.. 800 6,400 
Soy 505 6,400 
Soy 507 ; 4,000 
Soy 508. 400 400 =100 
Soy 510....... 400 200) 3,200 


Soy 516 


Rhizobium for cow- 


pea: 

Cowpea 600 4,000 

Cowpea 601 2,000 100 4,000 

Cowpea 602 800 100 100 

Cowpea 603 50 800 

Cowpea 605. 6,400 100 = 100 200 

Cowpea 606...... 6,400 200 4,000 400 

Cowpea 610.... 

Cowpea 617.... 800 800 800 400 400 4,000 
Rhizobium lupini: 

Lupine 801.. / 100 

Lupine 804.... 100 

Lupine 807 200, 400 100 

Lupine 810.... 800 800 

Lupine 812 100 


Lupine 16,400 


Rhizobium meliloti 

Rhizobium trifolii 

Rhizobium legumi- 
nosarum. .. 


In tables 1 and 2, blank spaces indicate negative results. 


Soy Soy Soy Soy Cowpea Cowpea ee Lupine Lupine 
602 810 16, 


400 


400) 400 
400, 200 200 


| 800 
2,000 
4,000 
1,600 
400 


100, 2,000, 2,000 
400 


100, 400 200 
4,000 200 

100 
3,200 


1,600 
100 100 
100 4,000 200 


200 12,800 


in the bacterial complex. This approach to the problem must 


yet be tried. 


Just as obvious as are the serological types within a species, 
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however, are the many instances in which antisera prepared 
against a strain of rhizobia from one cross-inoculation group 
caused agglutination of bacteria from the other two cross-in- 
oculation groups as well. The serum of Lupine strain 804 is 
distinctive for its ability to agglutinate almost all strains of soy- 
bean bacteria that were tested, and the majority of the strains 
from plants in the cowpea group. The fact that the sera for 
Lupine strain 810, Cowpea strains 601 and 602 and Soybean 
strains 505 and 507 possess to some degree this same ability to 
agglutinate strains of other species makes it likely that this 
faculty is not a characteristic peculiar to Lupine strain 804, but 
that it is shared to a greater or lesser degree by many of the strains 
of root-nodule bacteria from these three cross-inoculation groups. 
It is noteworthy, however, that there is less cross-agglutination, 
just as there is less cross-inoculation (as shown in table 2) between 
strains from the soybean and lupine groups than there is between 
strains from either of these two groups with those from the cowpea 
group. 

There seems to be no correlation between the ability of the 
strains to cross-inoculate and to cross-agglutinate. For instance, 
soybean strain 505, which forms nodules on both soybean and 
cowpea plants, but not on lupine plants, is not agglutinated by 
any of the antisera for cowpea bacteria, but is agglutinated to a 
fair titer by the serum for one strain of Rhizobium lupini. Soy- 
bean strain 500, which forms nodules on both soybean and cowpea 
plants, is agglutinated by sera from some strains of the soybean 
Rhizobium, but the serum from only one of the strains of the 
Rhizobium for cowpea will cause its agglutination. Another 
instance of this sort is that of Cowpea strain 603, which, although 
it forms nodules on plants in all three cross-inoculation groups, 
reacted with no other sera of the cowpea group, and only fairly 
well with the sera from two strains of soybean rhizobia. 

On the other hand, strains which form nodules on plants in at 
least two of the three cross-inoculation groups, were agglutinated 
by sera for strains of bacteria derived from all three of the groups. 
Soybean strain 10, and Cowpea strains 601 and 602 are examples 
of this sort. Apparently the serological nature of the strains of 
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soybean, cowpea and lupine nodule bacteria tested is not related 
to their ability to cross-inoculate. 

The results of the many agglutination tests in which various 
antigenic modifications of 54 strains of soybean, cowpea and 
lupine rhizobia were tested against the 25 different antisera are 
not presented. There are three reasons for omitting a detailed 
presentation of these data. In the first place, there is insufficient 
space for such a mass of tabulated information; secondly, whole- 
cell antigens used in agglutination tests with antisera prepared 
with whole cells gave in general the same reactions as did the 
various antigenic modifications; and finally, the titers secured 
with whole-cell antigens and whole-cell antisera were as a rule 
higher than those secured with the other antigenic modifications 
and their antisera. 

However, these tests showed that strains belonging to the same 
serological type possessed similar antigenic constituents. This 
is illustrated in the following selected data, which show the high- 
est titer in which agglutination occurred when the various an- 
tigenic modifications of certain strains were tested with antisera 
which would cause their agglutination. 


ANTEBRA WASHED- 


ANTIGENS | suncores IN WHOLE | HEATED | uEaTED 
Cowpea 606 whole. ............... | Cowpea 601 | 6400 | 2000 | 800 
Cowpea 606 heated. .............. Cowpea 601 | 2000 | 800 | 200 
Cowpea 606 washed-heated....... | Cowpea 601 | 800 | 400 | 200 
Soy 505 whole.................... | Soy 505 | 6400 | 400 | 400 
Soy 505 heated............... | Soy 505 | 1600 400 | 400 
Soy 505 washed-heated............ | Soy 505 | 400 | 800 200 
| | 
Lupine 807 whole....... .....--| Soy 505 1600 | 200 50 
Lupine 807 heated.............. Soy 505 | 400 | 100 100 
Lupine 807 washed-heated........ Soy 505 100 | 100 100 
| 
| 
NS a cece aneeeten Lupine 804 | 6400 1600 400 
Cowpea 605 whole................ | Soy 505 | 6400 | 1600 200 
| 
Soy 507 whole. ................... | Lupine 804 | 2000 | 400 100 
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This diminution of activity, both in agglutinability and in 
ability to stimulate antibody formation in the animal, strongly 
suggests the existence of three components in the antigenic 
complex of these root-nodule bacteria. In the cells that are 
relatively free from flagella and capsules is an antigen which 
stimulates the production of agglutinins. Its ability both to 
stimulate the production of these antibodies and to react with 
them is very limited, indicating that this antigenic fraction may 
be present in only very small amounts, or that the treatment the 
washed-heated antigens received may have denatured it to a 
considerable extent. The second antigenic substance is appar- 
ently associated with the flagella, since depriving the cells of their 
flagellar proteins by exposing them to heat lowers their ability 
to induce formation of agglutinins and to react with these anti- 
bodies to the degree that is possessed by untreated cells. Fi- 
nally, there is a fraction, possessed by untreated cells, which may 
be associated with the polysaccharide capsular gum of the root- 
nodule bacteria. 

It is disconcerting to note, however, that these antigenic con- 
stituents, even those of the washed-heated cells, are not found in 
all strains of a species; nor are they found in all strains that will 
cross-inoculate in a similar manner. 

It is significant that there was no agglutination of the whole- 
cell test-antigens prepared from mixed strain cultures of alfalfa, 
clover, and pea rhizobia by the different antisera used in these 
tests. Apparently these rhizobia differ in their antigenic con- 
stitution from any of the soybean, cowpea or lupine strains that 
were used in these tests. 


CONCLUSIONS 
1. A great number of serological types exist among the root- 
nodule bacteria from plants of the soybean, cowpea, and lupine 
cross-inoculation groups. 
2. The strains within a serological type possess antigenic 
constituents in common. These antigens are found in whole 


cells, heated cells and in washed-heated cells. 
3. There seems to be no correlation between the ability of 
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strains of rhizobia from soybeans, cowpeas and lupines to cross- 
inoculate and to cross-agglutinate. One serological type may 
be made up of Rhizobium strains isolated from only one species 
of plant, but in other cases, of strains isolated from two or even 
three species of plants. 

4. Antisera for the different antigenic modifications of soybean, 
cowpea and lupine bacteria failed to agglutinate whole-cell 


antigens of alfalfa, clover or pea bacteria. 
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INTRODUCTION 


In a previous paper (Sher and Sweany, 1939) we reported the 
effects of metal ion catalysts on the growth of tubercle bacilli. 
When iron salts were added to a Long’s synthetic medium which 
had been prepared from “highly purified reagents,’ the yields 
of bacilli were increased; this was especially true if copper, man- 
ganese or pyo-antimonate ions were added along with the iron. 
On the other hand, the non-ferrous catalysts, in the absence of 
iron, did not yield enhanced growths. As contrasted to this, 
Long’s synthetic media prepared from ‘“‘C. P.”’ or “‘Reagent’’ 
grade chemicals did not require the addition of iron salts or other 
substances to yield abundant growths, and their addition only 
slightly increased the yield of bacilli. This is an indication that 
there were traces of metals or other impurities in these reagents 
which acted similarly to the added metal catalysts. 

We felt that since these added metal catalysts which caused 
enhanced growths of tubercle bacilli are also known to accelerate 
the rates of oxidation of biological and simple thiol systems, that 
it would be of interest to study the effect of a reagent, such as 
diphenylamine, which is known to act as an inhibitor for oxida- 
tion. Kharasch, et al. (Kharasch, Conway, and Bloom, 1936) 
found previously that diphenylamine profoundly influenced the 
growth of various bacteria on different media. This remarkable 
effect is in accord with the results obtained in our laboratory with 
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tubercle bacilli: diphenylamine inhibited the growth of tubercle 
bacilli in all of the media used. 


PREPARATION OF MATERIALS 


The media and equipment were prepared with the precautions 
described in our previous report (Sher and Sweany, 1939). 

The amounts of inhibitors incorporated into the media were so 
small that it was impractical to weigh the amount required for 
each concentration; therefore, the quantities necessary for the 
greatest concentrations were weighed on a micro-analytical 
balance and were then incorporated into the correct amount of 
liquified medium by means of vigorous agitation. For each 
subsequent dilution, two parts of liquified medium were mixed 
with one part of the more concentrated medium. 

Since some of the organic inhibitors used in this investigation 
were but slightly soluble in the media used, they were probably 
present as an emulsion rather than as a solution. Because of 
this factor great care must be exercised if reproducible results are 
to be obtained. 


EXPERIMENTAL RESULTS 


In order that we might more readily familiarize ourselves with 
the effects of diphenylamine and other organic inhibitors we 
repeated and extended some of the work of Kharasch and others, 
with Staphylococcus aureus and ran concurrent comparative 
studies with bovine tubercle bacilli (B599). These preliminary 
studies were carried out with non-synthetic media and are pre- 
sented in tables 1, 2, and 3. Table 4 contains the results of 
table 3 and data obtained on synthetic media with bovine (B599) 
and human (H37) strains of tubercle bacilli. 

Table 1 indicates that the first generation of Staphylococcus 
aureus did not grow on meat broth 2 per cent agar medium which 
contained diphenylamine in a concentration of 1:2,000. At 
lower concentrations, depigmented growths were obtained which 
varied with the concentration of the diphenylamine. After the 
third generation, the organism had adapted itself to the medium 
containing diphenylamine to such an extent that unimpaired non- 
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pigmented growths appeared in a concentration of 1:2,000. In 
general, only in concentrations between 1:2,000 to 1:6,000 was 
there a consistent non-pigmented growth. This effect did not 


TABLE 1 


The effect of diphenylamine on growth and pigmentation of Staphylococcus aureus 


DIPHENYL- 
AMINE 
MEDIA* 

CONCEN- 
TRATION 


lst GENERA- 


APTER 35RD 
DAY 


1 
No growth 
2,000 


Good non- 
pig- 
mentedt 


Good non- 
pig- 
mented 


| Good dull 
orange 


Good dull 


2ND GENERA- 
TION GROWTH TION GROWTH TION GROWTH TION GROWTH TION GROWTH TION GROWTH 


AFTER 3RD 
DAY 


Poor non- 
pig- 
mented 


Good non- 
pig- 
mented 


Good non- 
pig- 
mented{ 


Good dull 
orange 


300d dull 


3RD GENERA- 


AFTER 3kD 
DAY 


Good non- 
pig- 
mented§ 


Good non- 
pig- 
mented 


Good pale 
orange 


Good pale 
orange 


Good dull 


orange 


4TH GENERA- 


AFTER 3xD 
DAY 


Good non- 
pig- 
mented 4 

Good non- 
pig- 
mented 


Good pale 
orange 


Good dull 
orange 


Good dull 
orange 


5TH GENERA- 6TH GENERA- 


AFTER SRD 
DAY 


AFTER 3RD 
DAY 


Good non- 
pig- 
mented 


Good non- 
pig- 
mented 


Good dull 
orange 


Good non- 
pig- 
mented 


Good dull 
orange 


Good pale 
orange 


Good dull 
orange 


Good pale 
orange 


Good dull 
orange 


Good dull 
orange 


orange orange 


0 


- Good dull 
media 


orange 


Good dull 
orange 


| Good dull 
| orange 


* Meat broth 2 per cent agar media. 

t Growths used to culture the 2nd generation. 
t Growths used to culture the 3rd generation. 
§ Growths used to culture the 4th generation. 
{ Growths used to culture the 5th generation. 
! Growths used to culture the 6th generation. 


persist after these cultures were transplanted on media not con- 
taining diphenylamine, for, when transplanted onto such a 
medium even after growing for five generations as a non-pig- 
mented growth, pigmentation reappeared. Within the scope of 
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our experiments, succeeding generations of B599 which were 
grown on similar media did not adapt themselves to media 
containing successively higher concentrations of diphenylamine. 
Table 2 indicates that on meat-broth-agar medium diphenyl- 
amine was more effective in retarding growth and in causing a 
non-pigmented growth than the other organic inhibitors in this 


TABLE 2 


Effect of organic inhibitors on Staphylococcus aureus and tubercle bacillus 
(B599) in meat broth 2 per cent agar media 


ORGANIC INHIBITOR STAPHYLOCOCCUS AUREUS B599 


Diphenylamine 


1:2,000 No growth No growth 
1:6,000 Retarded and non-pigmented growth No growth 
1:18,000 Growth but non-pigmented No growth 
1:50,000 Good growth initially non-pigmented Retarded growth 


p-methylamino- 
phenol sulfate 


1:6,000 Retarded and non-pigmented growth Retarded growth 

1:18,000 Retarded, but normal pigmented growth Retarded growth 
Catechol 

1:2,000 Retarded normal pigmentation No growth 

1:5,000 Normal growth No growth 

1:15,000 Normal growth Retarded growth 


p-hydroxy phenyl 


glycine 
1:2,000 Normal growth No growth 
1:5,000 Normal growth No growth 


1:50,000 Normal growth Retarded growth 
series. Incidentally, these inhibitors exerted less of an inhibiting 
effect on the growth of Staphylococcus aureus than on B599. 

Attempts to grow the strains of Staphylococcus aureus which 
we studied, on Long’s synthetic 2-per-cent agar medium failed. 
But when calves lung extract was added to this medium a much 
brighter orange growth appeared than when the bacterium was 
grown on meat broth medium. The lung extract apparently 
contained a growth essential that is more in the nature of a food 
requirement than a catalyst, for growth was proportional to the 
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amount of extract added. When 1 per cent of the lung extract 
was added, an abundant growth was obtained; with } of 1 per 
cent a fair growth was obtained; with 3 of 1 per cent only a poor 
growth appeared, while at ;'; of 1 per cent there was no growth. 
Diphenylamine and alpha-naphthylphenylamine inhibited the 
growths of S. aureus and B599 on Long’s media containing | per 
cent of the lung extract. Table 3 indicates the effectiveness of 
diphenylamine as an inhibitor in this medium. 

Table 4 indicates that the addition of p-hydroxyphenylmorpho- 
line and trimethylphenyl ammonium hydroxide to the media, 





TABLE 3 
Effect of inhibitors on ‘‘C.P.’’ 2 per cent agar media with I per cent lung extract 
ORGANIC INHIBITOR STAPHYLOCOCCUS AUREUS B599 
Diphenylamine 
1:30,000 No growth No growth 
1:9,000 | Non-pigmented (unimpaired No growth 
growth) 
1:27 ,000 Non-pigmented (unimpaired Retarded 
| growth) 
1:81,000 Normal growth Retarded 
a-naphthylphenyl amine | 
1:6,000 | Non-pigmented (unimpaired Retarded 
growth) 
1:18,000 | Normal growth Normal 


growth 
instead of inhibiting, slightly increased the rates and amounts of 
growth of tubercle bacilli. 

Table 4 also contains the results of a large number of experi- 
ments using a number of inhibitors on a bovine (B599) and a 
human strain (H37) of tubercle bacilli, employing ordinary ‘‘C. 
P.” as well as “highly purified media.’’ Our data are not suffi- 
ciently extensive to draw far-reaching conclusions, yet they indi- 
cate that on “highly purified media” the bacteria are much more 
sensitive to the action of the inhibitors than on the media con- 
taining ordinary “‘C. P.” reagents. Insome cases the results are 
most striking, for a ten-fold difference in effect can be observed in 
the case of catechol. Thus, on a 2-per-cent “C. P.’’ agar medium 
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it prevents growth in 1:5000, and on the “highly purified media” 
it prevented growth in 1:50,000. These results were so outstand- 
ing that they were duplicated many times in our laboratory. In 
other cases the results were less outstanding, yet the trend was 
unmistakable. Thus, instead of a ten-fold effect, only a three- 
fold effect was observed with a number of the other hydroxy 
compounds. Strikingly, the diphenylamine series of compounds 
shows no difference in inhibiting power in “highly purified”’ and 
normal media. These results are highly suggestive, but it is 
fully realized that further data are needed to enable us to evaluate 
the factors responsible for the results. 

We believe that it is of considerable interest that these anti- 
oxidants have a tremendous inhibitory power on bovine, and in 
particular, on human strains of tubercle bacilli. The tremendous 
inhibitory effect observed for instance, on H37, the human strain 
of tubercle bacilli, in which growth is prevented in 1:50,000 by 
the presence of diphenylamine, as compared to 1:2000 necessary 
to prevent growth of Staphylococcus aureus is highly suggestive. 

We intend to continue this study of the relationship of the 
antioxidants and the oxidation-reduction potential, or in some 
cases, as what is commonly known as “apparent” oxidation- 
reduction potential, of these antioxidants in relation to their 
effect on the growth of tubercle bacilli. 


SUMMARY 


1. The diaryl secondary amines investigated were uniform in 
their activity as inhibitors regardless of whether “C. P.”’, ‘“‘Puri- 
fied’”’ or non-synthetic medium was used. 

2. Each of the dihydroxybenzenes and the aryl-aliphatic 
secondary amines was more effective in “Purified’’ medium than 
in “C. P.” or meat broth medium. 

3. Some of the aryl-aliphatic secondary amines and dihydroxy- 
benzenes were more effective than the diaryl secondary amines in 
“Purified” medium. In the “C. P.”’ or meat broth medium they 
were less effective. 

4. A number of antioxidants were tested for their inhibiting 
effect on the growth of tubercle bacilli. No attempt has been 
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made at this time to correlate the oxidation-reduction potential, 
or “apparent” oxidation-reduction potential of these materials 
and their effectiveness in inhibiting the growth of tubercle bacilli. 
This work is being continued. 
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Naturally occurring, smooth, motile cultures of Lberthella 
typhosa contain, according to the best of present-day knowledge, 
a heat-labile, specific flagellar, or ‘‘H’’ antigen, called ‘d” in 
the Kauffmann scheme of classification; two heat-stable, somatic, 
or “O” antigens, designated as “IX” and ‘‘XII’’; and a heat- 
labile, somatic antigen, the ‘Vi’ of Felix and Pitt, 1934, called 
“A” in the Kauffmann scheme. In addition an alternate ‘“H”’ 
antigen, ‘‘j,”’ has been demonstrated by Kauffmann, (1936), 
in a very limited number of specially treated cultures, but has 
never been found in cultures isolated by the usual methods. 

Variations involving loss of the ‘‘H’’ factor and loss of the 
“Vi” factor without alteration of the smooth character of the 
cultures or of the fermentation characteristics have been com- 
monly reported. Those variations which involve the “O” 
antigens, however, have usually been described in connection 
with the smooth to rough transition. 

The evidence here detailed indicates the lack in two cultures 
of the typhoid organism of one of the heat-stable somatic factors 
without any easily demonstrable change in cultural character- 
istics. 


EVIDENCE FROM THE ACTION OF BACTERIOPHAGE 


The cultures of Eberthella typhosa in stock, numbering 170, 
were tested for their susceptibility to a series of eight bacterio- 
phages, active also against various members of the Salmonella 
group. The method employed was that described by Craigie, 
1936, in connection with his work on V phage. It consists in 
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inoculating the surface of a plain agar plate with a four-hour 
broth culture of the organism tested and placing a loopful of 
undiluted bacteriophage upon the inoculated area. Observations 
are made after about twelve hours for the appearance of the area 
where the phage has been applied. The criterion for complete 
sensitivity is the absence of any colonies within this area after 


TABLE 1 
The action of bacteriophages from various sources on typhoid cultures 





PHAGES 


/paa|PBi5| 2 2] | L}|s|k{|v 


| PC | ANI “ACC | PC |ANI |} ANI CC 

| PC | ANI|ACC|PC | ANI ANI) CC 

| CC | CC |CC ce |¢ cc | cc 

| ‘ce jcc |cc | cc | NI 

Para B 13........ | PC | PC | ANI | PC PC | NI 


Enteritidis be ma ACC ACC | CC co ACC ACC ACC ACC | NI 


Symbols “describing areas where phage was applied: CC, completely clear; 
ACC, almost completely clear; i.e., a few isolated colonies; PC, partially clear; 
i.e., numerous isolated colonies; ANI, almost no inhibition of growth; i.e., col- 
onies confluent; NI, no inhibition of growth; i.e., no visible difference between 
area where phage was applied and surrounding inoculated area. 

* The first five phages in the table were obtained from A. W. Frisch. 


TABLE 2 
The absorption of phage PB 16 by three typhoid cultures 
Test organism, T 4 





PHAGE DILUTIONS 
ABSORBING CULTURES 





the stated incubation period. Nearly all the cultures thus tested 
showed complete or good sensitivity to the eight phages of various 
origins. This is in accordance with the statement of Kauffmann, 
(1936), that phages active against typhoid organisms are of two 
kinds only—those which act on the V form alone and on few or 
no Salmonella types, and those which act on V and W forms of 
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the typhoid organism indiscriminately and on numerous Sal- 
monella species as well. The eight phages employed in our ex- 
periment were of the type which acted on both V and W forms 
and on numerous Salmonella species. (Our work with the V 
phage of Craigie has been previously reported; Almon and 
Stovall, 1936). That these eight phages were not all alike in 
their action on the typhoid cultures, however, was shown by the 
complete failure of one of them to act on two of the cultures 
investigated, and by the weak action of three others on the same 
cultures. Table 1 is a section from the protocols of this experi- 
ment. It shows the action of the eight phages just mentioned, 
as well as that of the V phage of Craigie, on six cultures. Cul- 
tures T 4 and H 901 are included as representatives of the large 
number which were completely sensitive to the eight Salmonella 
phages. Cultures ‘para B 13” and “enteritidis 34” are included 
also, because they were used in the subsequent serological work. 
Cultures T 2 and T 48, quite evidently, are the two resistant 
typhoid strains. 

The demonstration of the specificity of phage activity has been 
shown by Frisch and Levine, 1936, to be better carried out by 
absorption technique than by observation of direct lysis. There- 
fore, in order to verify the seeming difference between the typhoid 
cultures sensitive to all the phages and those two which were 
resistant or partially resistant to several, an absorption experi- 
ment was carried out. The technique was that of Levine and 
Frisch, 1935, in all particulars. The phage used in the experiment 
was PB 15, the one which had failed entirely to act on cultures 
T 2 and T 48 in the previous experiment. Absorptions were 
carried out with cultures T 2, T 48, and T 4; and tests for residual 
active phage were carried out with T 4 as the sensitive organism. 
The readings reported in table 2 were taken twenty hours after 
the broth and inoculum of sensitive organisms had been added 
to the incubated mixture of phage dilution and absorbing or- 
ganisms. The symbol “Cl’’ denotes clearing and indicates lack 
of absorption of the phage dilutions so described. It is readily 
apparent, therefore, that cultures T 2 and T 48 were poor ab- 
sorbing agents as compared with culture T 4. 
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Investigation of the difference revealed by these results might 
proceed along two lines; either along the line of analysis of phage 
specificity or along the line of serological analysis of the cultures. 
Since the first mentioned is dependent upon the second, the latter, 
or serological approach, was selected. 

The most likely explanation of the differences observed in 
cultures T 2 and T 48 as compared with the other typhoid cultures 
was thought to be the absence from these two cultures of some 
fraction present in other typhoid cultures. Since the work of 
Levine and Frisch, 1935, has shown that there is close correlation 
between sensitivity to specific phages and the presence of certain 
heat-stable ‘‘O’’ components among members of the Salmonella 
group, it seemed probable that in these cases also an ‘“‘O” com- 
ponent was involved. It could, indeed, scarcely be anything 
but an “O” component, since the two cultures were actively 
motile, and thus apparently possessed of the “H” antigen, and 
since previous (Almon and Stovall, 1936) and present tests had 
demonstrated the presence of the “‘Vi’’ antigen. 


SEROLOGICAL EVIDENCE 


The possibility of the lack of an antigenic fraction was inves- 
tigated by the absorption of agglutinins. Because an “O” 
component seemed most probably involved, the methods chosen 
were those best adapted to the demonstration of ‘‘O”’ antibodies. 

Immunization of rabbits was carried out with suspensions 
killed by heating at 65°C. for one hour. Five intravenous in- 
jections, given at two day intervals, were sufficient to bring the 
titer to the desired level. The blood was drawn eight days after 
the last injection. Heat-killed cultures were used also for the 
agglutination tests, both before and after the absorption of the 
sera. For the absorbing doses, however, live organisms were 
used, in order that the ‘‘H”’ antibodies (which are formed to some 
extent even when the immunizing cultures are killed by heat) 
might be removed. The 24-hour growth from five plain agar 
plates constituted a single absorbing dose for 10 ml. of a 1:20 
dilution of antiserum, but two successive doses of this kind were 
employed for complete absorption. 
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TABLE 3 


The results of agglutinin absorption tests on antisera for two unusual and two usual 
typhoid cultures 


ANTIGENIC SUSPENSIONS, HEAT KILLED 


T2 | Te | TS | HOO 
Titers 
Antiserum T 2: 
Before immunization 0* 0 1:160 1:40 
After immunization, unabsorbed 1:10240 1:10240 1:10240 1:10240 
After immunization, absorbed by T 2.. 0 0 0 0 
After immunization, absorbed by T 48.. 0 0 0 0 
After immunization, absorbed by T 4.. 0 0 0 0 
After immunization, absorbed by H 901. 0 0 0 0 
Antiserum T 48: 
Before immunization 0 0 1: 1280 1:320 
After immunization, unabsorbed. 1:10240 1:5120 1:10240 | 1:10240 
After immunization, absorbed by T 48.. 0 0 0 0 
After immunization, absorbed by T 2.. 0 0 0 0 
After immunization, absorbed by T 4.. 0 0 0 0 
After immunization, absorbed by H 901. 0 0 0 0 
Antiserum T 4: 
Before immunization 0 0 0 0 
After immunization, unabsorbed. 1:10240 1:10240 1:10240 1:10240 
After immunization, absorbed by T 4.. 0 0 0 0 
After immunization, absorbed by H 901. 0 0 0 0 
After immunization, absorbed by T 2 0 0 1:1280 1: 1280 
After immunization, absorbed by T 48.. 0 0 1:2560 1:2560 
Antiserum H 901: 
Before immunization 0 0 0 0 
After immunization, unabsorbed. 1:1280 | 1:1280 | 1:10240 1:10240 
After immunization, absorbed by H 901. 0 0 0 0 
After immunization, absorbed by T 4.. 0 0 0 0 
After immunization, absorbed by T 2..) 0 0 1:2560 1:2560 
After immunization, absorbed by T 48.. 0 0 1:1280  1:1280 


* Titers reported as “‘0’’ really mean “less than 1:40,’ since no tests were 
carried out with dilutions lower than this figure. 


The organisms chosen as representative of the usual type of 
typhoid cultures were T 4 and H 901. The latter was included 
because it contains no Vi antigen to confuse the results; though 
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the elimination of confusion by this factor was further brought 
about by the use of heat-killed suspensions. 

The outcome, set forth in table 3, provided additional evidence 
for the absence from cultures T 2 and T 48 of an antigenic com- 
ponent which is present in T 4 and H 901; the latter two cultures 
were able completely to absorb antisera resulting from immuniza- 
tion by the former; but absorption by the former cultures, the 
seemingly deficient ones, left antibodies in the T 4 and H 901 
antisera for the homologous cultures. Henceforward in this 
paper, cultures T 2 and T 48 will be spoken of as ‘“deficient’’ 
cultures and the other typhoid cultures, of which T 4 and H 
901 have been used as representatives, will be called “‘complete.”’ 


IDENTIFICATION OF THE MISSING COMPONENT 


Whether the seeming lack of an ““O” component were due to 
the absence of one or the other of the two assigned by the Kauff- 
mann classification or whether a hitherto unidentified component 
were involved could not be determined from the evidence at 
hand. The specificity of the phages employed had not been 
investigated sufficiently to afford any clue. It was known, 
however, that phage PB 15, to which the cultures in question 
were most completely resistant, had originally been propagated 
on a culture of Salmonella schottmuelleri, albeit a rough one. 
It was assumed, therefore, that the component which was lacking 
was the one responsible for cross reactions with the paratyphoid 
B group, namely antigen XII (Kauffmann, 1935b). Experi- 
ments were undertaken to investigate the validity of this hy- 
pothesis. 

This investigation necessitated the immunization of a rabbit 
with a culture of Salmonella schottmuelleri, and the absorption 
of the resulting antiserum by the two types of typhoid cultures, 
as well as the absorption of the previously prepared typhoid 
antisera by the S. schottmuelleri culture. The culture used was 
the “para B 13” from the Rockefeller Institute, supplied to us by 
Dr. P. Levine. The methods of immunization and absorption 
were identical with those described in the foregoing section. 
Care was taken to select for immunization with the para B culture 
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a rabbit which had no demonstrable normal antibodies for any 
of the cultures used in this work. A preliminary experiment 
had shown that the presence of such antibodies so complicated 
the results that they were difficult to interpret. Table 4 repre- 
sents the protocols of the cross absorptions with the para B 
culture. Absorptions of the typhoid sera by the typhoid cul- 
tures were presented in table 3 and are not repeated here, though 
the results are pertinent in this connection also. 

The evidence given by these results is preponderantly in favor 
of identity of the ““O”’ fraction remaining in the deficient cultures 
with that component which Salmonella schottmuelleri shares with 
Eberthella typhosa, rather than in favor of the proposed hypothesis 
which led to this experiment. This is best shown by the ability 
of the deficient and the complete typhoid cultures, alike, com- 
pletely to remove the typhoid antibodies from the paratyphoid 
antiserum, and of all of the typhoid cultures to remove the para- 
typhoid antibodies from the typhoid sera. Additional evidence 
in support of this conclusion comes from the demonstrated 
ability of the paratyphoid culture to remove all of the antibodies 
from the antisera prepared against one of the complete cultures; 
vide absorption of H 901 antiserum by para B 13. That the para 
B culture did not completely remove the antibodies for the de- 
ficient cultures from the other typhoid antisera is the only evi- 
dence not completely in accord with the theory of the identity of 
the “‘O” component of T 2 and T 48 with antigen XII, the one 
shared by E. typhosa and S. schottmuelleri. Taking into con- 
sideration the manifestly poor antigenic qualities of the S. 
schottmuelleri culture with respect to this component, as evi- 
denced by the low titer of its antiserum for the typhoid cultures, 
this failure may not necessarily be at variance with the behavior 
expected to conform with the theory just outlined—that of iden- 
tity of the ““O”’ component in the deficient typhoid cultures with 
antigen XII, shared by S. schottmuelleri. In brief, the para B 
13 culture is evidently a poor absorbing agent for typhoid anti- 
bodies, and doses of sufficient magnitude to remove these anti- 
bodies from a serum of high titer are impractical to work with. 
The significant thing is that in the one antiserum (H 901) in 





TABLE 4 
Cross agglutinations and absorptions with typhoid cultures and a 


Antiserum Para B 13: 

Before immunization 

After immunization, unabsorbed 

After immunization, absorbed by Para 
B 13 Sen 

After immunization, absorbed by T 2 

After immunization, absorbed by T 48 

After immunization, absorbed by T 4 

After immunization, absorbed by H 
901 





Antiserum T 2: 
After immunization, unabsorbed 
After immunization, absorbed by Para 
B 13 ware 
After immunization, absorbed by T 2 
After immunization, absorbed by H 
901 


Antiserum T 48: 
After immunization, unabsorbed 


After immunization, absorbed by Para | 


B 13 ina aw kine 
After immunization, absorbed by T 2 
After immunization, absorbed by H 

901 mf 


Antiserum T 4: 
After immunization, unabsorbed.. 
After immunization, absorbed by Para 
B 13.. Api tale 3 ol , 
After immunization, absorbed by T 2 
After immunization, absorbed by H 
Ms oad ta ene 


Antiserum H 901: 
After immunization, unabsorbed 
After immunization, absorbed by Para 
B 13... A sel 
After immunization, absorbed by T 2 
After immunization, absorbed by H 
901.. 


paratyphoid B culture 


PARA 


B13 T2 


2 2 
1: 10240 1:80 


0 
1:5120 | 
1:5120 


./1:5120 


.|1:5120 0 0 0 


| 
1:160 1:10240 1: 10240 1:10240/1: 10240 


O |1:2560 |1:2560 |1:2560 1:2560 
0 0 | O 0 0 


ee ee 


| 
| 
| 


1:1280 |1:10240/1:5120 110240}: 10240 


0 |1:2560 |1:2560 |1:2560 |1:2560 
i ee Dal he 
0 | O | 0 | 0 
| 


| | | 
1:320 /1:10240}1:10240 1: 102401: 10240 


0  (1:2560 |1:2560 |1:2560 |1:2560 
0 0 | 0  (1:1280 |1:1280 


0 | 0 0 | 0 | 0 
| | 


1:320 (1:1280 |1:1280 1:10240)1:10240 


0 (1:640 (1:1280 
0 1:2560 1:2560 


0 0 | 0 
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which antibodies for the deficient cultures were present in lower 
titer, the para B culture was able to remove them completely. 

The evidence is therefore reasonably good that the deficient 
cultures contain antigen XII of the Kauffmann scheme. To 
prove that they lack the other known “‘O” component, namely 
antigen LX, is virtually impossible with the reagents and knowl- 
edge at present available, for there is no species of organism known 


TABLE 5 


Cross agglutinations and absorptions with typhoid cultures and a culture of 
Salmonella enteritidis 


PARA 
T2 Té4 H 901 B13 


Antiserum Enteritidis 34: 

Before immunization. .... 0 1:40 1:40 1:40 0 (1:40 
After immunization, unabsorbed .|1:5120 1:5120 1:5120 1:5120 1:5120 1:1280 
After immunization, absorbed by 

Ee mpteh 0 | Oo 0 
After immunization, absorbed by 

5 OS eee et he : 7160 j1: 0 
After immunization, absorbed by | 

RTE a Sor neil x oa oa ive ; 0 0 


Antiserum T 2: 
After immunization, unabsorbed . |1:2560 1: 10240 1: 102401: 10240 1: 10240 1:160 
After immunization, absorbed by 
SG Sos Cac saees roe ' Oo | O 0 0 0 0 


Antiserum H 901: 
After immunization, unabsorbed . /1:2560 1:1280 1:1280 1:10240 1:10240 1:320 
After immunization, absorbed by 
Ent. 34 0 0 0 0 0 0 
After immunization, absorbed by 
go # thee - + 0 0 1:640 1:640 0 


which contains antigen IX and lacks antigen XII. Hence we 
have been unable to prepare an antiserum containing antibodies 
for factor IX alone of the somatic typhoid group and thus to 
demonstrate the inability of cultures T 2 and T 48 to be ag- 
glutinated by this antibody. The nearest we could approach 
the identification of the seemingly absent component was to 
attempt the demonstration of whether a component hitherto 
unidentified were involved, or whether it were one which is gen- 
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erally conceded to be part of the typhoid organism. This was 
carried out by cross-absorption experiments with a culture of 
Salmonella enteritidis (number 34 of Levine and Frisch, 1935) 
the results of which appear in table 5. The T 2 antiserum is 
included as the representative of the deficient sera and H 901 as 
representative of the complete ones. Results with the two sera 
omitted from the table (T 48 and T 4) were similar. It may be 
seen from a study of these results that the antiserum prepared 
against the heat killed S. enteritidis culture presented an analyzed 
antibody content in all respects like antisera for the somatically 
complete typhoid cultures, in that its antiserum could be com- 
pletely absorbed of antibodies for both typhoid and enteritidis 
by the complete typhoid cultures. Similarly, the enteritidis 
culture behaved in its absorbing capacity like a typhoid culture 
with full complement of somatic antigens, since it was able to 
absorb all of the antibodies from the typhoid antisera of either 
the complete or the deficient type. More significant in its 
bearing on the present arguments was the observation that the 
deficient cultures, in their absorption of the S. enteritidis anti- 
serum, left antibodies to an equal titer for the complete typhoid 
cultures and for the enteritidis culture. All of these results 
point to the conclusion that the difference between the deficient 
and complete typhoid cultures lies simply in the absence from 
the deficient cultures of a somatic fraction present in other ty- 
phoid cultures and in S. enteritidis. Since, according to the 
evidence derived from cross-absorption tests with S. schott- 
muelleri, the deficient cultures possess antigen XII, and since, 
according to cross absorption tests with S. enteritidis, the missing 
component is present in this species, it may be concluded that 
the fraction which is absent is antigen IX of the Kauffmann 
scheme. 


DISCUSSION 


The above conclusion is in line with the report of Kauffmann 
(1935a) concerning the lack of antigen V in certain cultures of 
the paratyphoid B group. In his cultures, too, no abnormality 
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in cultural or pathogenic characteristics was noted. In this 
connection it may be of interest that culture T 2 was isolated 
from the blood of a fatal case of typhoid fever, and that culture 
T 48 was derived from the feces of a typhoid carrier. We have 
no history of the cases traced to this carrier. 

That the seeming deficiency herein described may be quanti- 
tative rather than qualitative is conceded. It is possible that 
the future will reveal the existence of a number of antigenic 
strains within the various species of Salmonella and Eberthella 
comparable in number and complexity with those already demon- 
strated for the Flexner dysentery organism. For example, in 
the course of this work two cultures of S. schottmuelleri were 
found to be unable to produce antibodies in rabbits for E. typhosa, 
evidence that in this species also there may be variations in 
somatic antigenic content without accompanying variations in 
cultural characteristics. 

More complete knowledge concerning these variations may 
make for more accurate identification of recently isolated cultures 
belonging to these groups, and may in some instances facilitate 
epidemiologic investigations. 


SUMMARY 


Among 170 cultures of Eberthella typhosa two showed resist- 
ance to the action of several bacteriophages which were lytic for 
the others. A phage-absorption experiment, using these two 
cultures, indicated that the difference was more than super- 
ficial; and serologic agglutination studies revealed a deficiency 
in the somatic make-up of these two cultures. 

Cross absorption tests showed that the missing antigen was 
not the one which E. typhosa shares with Salmonella schottmuelleri, 
but was one which is normally present in S. enteritidis. On the 
assumption that the somatic antigenic fractions of E. typhosa 
are limited in number to two (since there was no evidence to the 
contrary apparent from these studies) the component which was 
lacking was tentatively identified as antigen LX of the Kauffmann 
scheme of classification. 
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INTRODUCTION 


Species of the Dictyosteliaceae, a group of pseudoplasmodium- 
forming slime molds, are not uncommon in nature and can be 
readily isolated from soils, from decaying vegetation and from 
the dung of various animals. In contrast to the Myrogastrales 
which possess true plasmodia, the Dictyosteliaceae are character- 
ized by myxamoebae which retain their identity throughout the 
whole life cycle of the organisms. During the vegetative stage 
these myxamoebae are free-living and feed by the ingestion and 
digestion of bacterial cells. With the exhaustion of the avail- 
able food supply, the myxamoebae collect into aggregates termed 
pseudoplasmodia, and collectively build fruiting structures, or 
sorocarps. In these structures some myxamoebae become trans- 
formed into sterile, supportive cells to form a stalk, or sorophore, 
while others become differentiated into fertile spores forming a 
spore head, or sorus. 

The ubiquitous species Dictyostelium mucoroides Bref. has been 
more widely studied than other members of the group and from 
the work of Vuillemin (1902), Potts (1902), Pinoy (1903 and 
1907), and Schuckmann (1924) a limited bacterial “host range” 
embracing twelve different species has been reported for it. 


1 Contribution from the Laboratories of Cryptogamic Botany and the Farlow 
Herbarium, Harvard University, No. 171. A portion of the results here reported 
were included in a thesis submitted by the senior author to the faculty of Harvard 
University, June 1936, in partial fulfillment of the requirements for the degree of 
doctor of philosophy in biology. 
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Recently Dictyostelium discoideum Raper, has been cultivated in 
pure-mixed culture with thirty-one different species of saprophytic 
bacteria representing widely separated groups (1937). This 
study enlarged by almost threefold the number of bacteria with 
which a species of the Dictyosteliaceae is known to be able to 
grow. 

In the present investigation the writers have studied the growth 
of D. discoideum in association with certain bacteria that are 
pathogenic to animals or to plants. Such a study seemed par- 
ticularly desirable in view of the limited attention earlier in- 
vestigators had given to the cultivation of related slime molds 
upon bacteria pathogenic to animals. The present work reports 
for the first time the cultivation of a species of the Dictyostel- 
iaceae with phytopathogenic bacteria. 


MATERIALS AND METHODS 


D. discoideum was chosen for this study above other species of 
the Dictyosteliaceae because of two significant characteristics. 
First, due to the peculiar migrating habit (Pl. 1, fig. 6b) of its 
pseudoplasmodia (Raper, 1935) spores entirely free from bacteria 
are regularly borne on sorocarps that develop 0.5 cm. or more 
distant from the margin of the bacterial colony (Pl. 2, fig. 1c) 
in which the myxamoebae grew and in which the pseudoplasmodia 
formed (Raper, 1937). The importance of this character is at 
once apparent as it permits the investigator to inoculate this 
slime mold in pure-mixed culture with any selected bacterial 
culture at will by selecting isolated sorocarps as spore sources. 
Second, one is able to compare quantitatively the growth of this 
slime mold upon different bacterial species with a degree of ac- 
curacy that is impossible with other species of the group. This 
is true because the mature fructifications of D. discoideum are 
regularly erect and can be counted (PI. 2, fig. 1b) whereas those 
of other species are commonly decumbent, long, and tangled to 
such an extent as to preclude their enumeration (PI. 2, fig. 5a). 
Furthermore, in D. discoideum the proportion of stalk mass to 
spore mass remains fairly constant in all normal sorocarps ir- 
respective of their size, thus enabling one to express conveniently 
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the growth represented by sorocarps of different size in terms of 
common units, such as medium sorocarps or ‘“‘medium-sorocarp 
equivalents’’,? by computing the volumes of sori of different sized 
sorocarps. 

Dictyostelium discoideum was originally isolated from leaf 
mould (Raper, 1935), and other species of the Dictyosteliaceae 
such as Dictyostelium mucoroides, Dictyostelium purpureum 
Olive and Polysphondylium violaceum Bref. regularly occur in 
decaying vegetation and in soil (Raper and Thom, 1932). Ac- 
cordingly for this study there have been selected chiefly species 
of pathogenic bacteria which under certain conditions may occur 
in soil. 

Hay infusion agar (Raper, 1937) was employed for all cultures 
where quantitative measurements and comparisons of growth with 
different bacterial species were contemplated. It was chosen for 
two reasons: First, it had already been successfully used for 
cultivating D. discoideum in association with a large number of 
saprophytic bacteria (Raper, 1937); and second, its use in the 
present study made possible a quantitative comparison of the 
growth of this slime mold upon pathogenic bacteria with its 
earlier growth upon non-pathogenic bacteria. 

As in the earlier study (Raper, 1937), each of the selected 
bacterial cultures was inoculated in triplicate upon hay-infusion 
agar plates in the following manner: Six colonies were established 
at regular intervals near the periphery of a plate and a single 
colony at its center. For each colony the inoculum was spread 
over an area of approximately 1 cm*. The cultures of plant 
pathogens were incubated at 22 to 24°C. throughout the experi- 
ments, whereas the cultures of animal and human pathogens were 
incubated at 26 to 28°C. prior to inoculation with Dictyostelium 
and at 20 to 22°C. after the introduction of the slime mold. In 
all cases the spores of D. discoideum were planted after the bac- 
teria had grown for 2 to 3 days. The spores used for inoculation 


? This unit was first introduced for quantitatively comparing the growth of 
D. discoideum in association with different saprophytic bacteria (Raper, 1937): 
a detailed account of the procedure employed in effecting the necessary conver- 
sions was given at that time. 
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were invariably obtained from sorocarps that had developed 
0.5 em. or more beyond any evidence of bacterial growth (Pl. 2, 
fig. lc), the purity of the inoculum being repeatedly verified 
by streaking spores from similarly located sorocarps upon nu- 
trient agar. Spores were planted in each of the colonies in two 
plates and in six of the seven in the remaining plate. 

The subsequent growth of D. discoideum was determined by 
counting the number of sorocarps of large, medium and small 
size in each colony; and from these counts the average growth per 
colony was obtained for each bacterial culture. To facilitate 
comparison of the growth of the slime mold with the different 
bacteria, the average number of large, medium, and small soro- 
carps per colony was computed in terms of medium sorocarps 
(Raper, 1937) and expressed as medium-sorocarp equivalents 
(fig. 1). 


EXPERIMENTAL 


The results of this study can best be considered by discussing 
separately the growth of D. discoideum in association with bacteria 
that are pathogenic to plants, to animals, and to man. 


With the bacteria pathogenic to plants the slime mold grew 
well and produced fruiting structures of normal pattern (Pl. 2, 
fig. 1) in cultures of Erwinia carotovora, Erwinia amylovora, 
Phytomonas phaseoli, and Phytomonas flaccumfaciens. In each 
case the bacterial colonies were completely consumed by the 
feeding myxamoebae of the slime mold. Somewhat less growth 
of the Dictyostelium occurred in cultures with Phytomonas 
malvacearum, Phytomonas medicagenis, Phytomonas syringae, 
Phytomonas campestris, and Phytomonas phaseoli var. fuscus 
(fig. 1). In the first three of these cultures the colonies were 
completely consumed, in the remaining two only partially. 
Thus the reduced growth of the slime mold in the former cases 
can be attributed directly to a food shortage; whereas in the latter 
cases it must be ascribed to the inability of the myxamoebae to 
feed effectively upon the bacteria present. Such a condition is 
illustrated even better perhaps by the cultures with Phytomonas 
tumefaciens where good growth of D. discoideum occurred in 
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association with a strain, no. 176, isolated from “crown gall’”’ 
of peach, while only fair growth of the slime mold took place with 
a second strain, no. 185, isolated from “hairy-root”’ of nursery 
stock (fig. 1). No explanation for this difference in growth of 
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the slime mold is at hand, for the bacterial growth in the two 
cases was essentially alike in amount and seemingly in character. 
With the bacteria pathogenic to animals Dictyostelium dis- 
coideum grew fairly well in association with Salmonella pullorum, 
Salmonella suipestifer and Salmonella enteritidis (fig. 1). In 
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each case the bacterial colonies were completely consumed by 
the feeding myxamoebae, pseudoplasmodia began forming two 
days after the introduction of slime mold spores, and sorocarps 
of normal pattern were subsequently produced. Since the bacte- 
rial colonies were completely consumed, it may be noted that the 
somewhat limited growth of the slime mold with these cultures is 
attributable to a correspondingly restricted growth of host 
bacteria. Excellent growth and normal development of D. 
discoideum occurred in association with Escherichia coli® whereas 
fair growth but normal development of the slime mold took 
place with Pseudomonas aeruginosa;* the bacterial colonies being 
wholly consumed in the former case but only partially so in the 
latter. 

Moderately good growth of Dictyostelium discoideum occurred 
with the following human pathogens of the colon-typhoid- 
dysentery group: Eberthella typhosa, Shigella dysenteriae ‘‘Flex- 
ner,” Shigella dysenteriae “Strong,’’ Salmonella paratyphi, and 
Salmonella schotimuellerit. In all cases the bacterial colonies were 
wholly consumed by the feeding myxamoebae, pseudoplasmodia 
were formed after 2 to 2} days, and sorocarps of entirely normal 
pattern were subsequently produced. In association with 
Staphylococcus citreus fair growth of D. discoideum occurred, 
the bacterial colonies were largely consumed, and sorocarps of 
essentially normal pattern were produced. 

Realizing that hay infusion agar was at best a poor medium 
for Eberthella typhosa and related bacteria, some cultures of 
D. discoideum in association with E. typhosa were subsequently 
made upon media containing 1 per cent each of peptone and lac- 
tose or peptone and glucose. Upon these media occurred a rich 
growth of bacteria which was wholly consumed by the feeding 
myxamoebae of the slime mold and fruiting structures were 
subsequently produced. These, however, were predominantly 
abnormal in pattern thus indicating the presence in the cultures 


3 In recognition of the fact that these species ordinarily behave as saprophytes 
they were included in the previous study of the growth of D. discoideum with 
saprophytic bacteria (Raper, 1937); nonetheless, their occasional pathogenicity 
warrants their inclusion in this study also. 
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of a condition mildly toxic to D. discoideum (Raper, 1939). A 
more favorable medium consisted of a carrot infusion enriched 
with 0.5 per cent peptone and buffered with equimolar quantities 
of monobasic potassium phosphate and dibasic sodium phos- 
phate.* Upon this medium the growth of EF. typhosa approached 
that upon peptone-lactose and peptone glucose media, the colo- 
nies were completely consumed by the feeding myxamoebae, and 
the production of normal sorocarps indicated that the cultures 
were wholly favorable for the slime mold (PI. 2, figs. 2 and 3). 

Studies were made of the growth of D. discoideum upon three 
additional species of bacteria that are pathogenic to man, namely: 
Staphylococcus aureus, Bacillus anthracis, and Corynebacterium 
diphtheriae. Cultures with these bacteria were not grown upon 
hay-infusion agar and accordingly the growth of the slime mold 
with them cannot be quantitatively compared with those pre- 
viously considered. However, an evaluation of the growth of 
Dictyostelium in association with each will be given. D. discoid- 
eum was grown in association with S. aureus upon a medium 
containing 1 per cent glucose and 0.5 per cent peptone. Moder- 
ately good growth of bacteria occurred, the colonies were com- 
pletely consumed by the slime mold and some fruiting structures 
were produced. B. anthracis was grown upon a medium contain- 
ing 1 per cent glucose and 0.2 per cent peptone. Fair growth of 
the slime mold occurred and sorocarps of normal pattern were 
formed, but the bacterial colonies were only partially consumed. 
C. diphtheriae was grown upon horse serum-peptone agar for two 
days at 35°C. after which time the resultant colonies were trans- 
ferred en masse to the surface of nonnutrient agar tubes and 
inoculated with pure spores of D. discoideum. Incubation was 
at 20 to 22°C. following the introduction of the slime mold. In 
these cultures the Dictyostelium grew well, completely consumed 
the masses of transferred bacteria and subsequently formed 
fruiting structures. 


* Carrot-peptone agar: 300 grams fresh carrots boiled for 1 hour in liter of tap 
water; filtered; filtrate made up to 1 liter; 0.5 per cent peptone and 1.5 per cent 
agar added; solution made M/100 in KH,PO, and in Na,HPO, + 12 H,0O; 
sterilized. 
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DISCUSSION 


The present study greatly enlarges the list of pathogenic 
bacteria in association with which a species of the Dictyosteliaceae 
is known to be capable of growing. Previously Pinoy (1907) 
cultivated D. mucoroides with Vibrio cholera, Vibrio metchnikovi 
and Bacillus friedlanderi but failed to culture it with Bacillus 
anthracis or Pseudomonas aeruginosa. Potts (1902) likewise at- 
tempted unsuccessfully to grow D. mucoroides with B. anthracis, 
while Vuillemin (1902) failed to cultivate the slime mold with 
P. aeruginosa. In our experiments D. discoideum has been grown 
with each of these bacteria, although it should be noted, with 
somewhat less success than with many other pathogens (fig. 1). 
These divergent results are believed to be due more to the different 
culture media employed than to any fundamental difference 
between the nutritional requirements of D. discoideum and D. 
mucoroides. Parallel cultures of these slime molds indicate the 
correctness of such an assumption, for in association with the 
same species of bacteria and upon media of similar composition 
the growth of the two species of Dictyostelium is regularly com- 
parable (Pl. 2, fig. 4). 

The average growth of D. discoideum in association with the 
twenty-one cultures of pathogenic bacteria grown upon hay in- 
fusion agar and included in this survey was 42 medium-sorocarp 
equivalents per bacterial colony, or only slightly less than in 
association with the saprophytic bacteria previously studied 
where the average was 44 medium-sorocarp equivalents per 
colony. This meagre difference would seem to substantiate the 
conelusion earlier set forth (Raper, 1937) that the growth of 
D. discoideum is not particularly favored by any species or group 
of bacteria as was maintained by Nadson (1899) and Skupienski 
(1920) who considered D. mucoroides symbiotic with Bacillus 
fluorescens-liquefaciens. Any claim of symbiosis between species 
of the Dictyosteliaceae and the bacteria associated therewith is 
refuted by the following facts: (1) They will grow equally well 
in company with a large number of bacterial species possessing 
widely different morphological and physiological characters. 
(2) They are associated in nature with a multitude of bacterial 
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species, a fact that is attested by the diversity of forms accom- 
panying these slime molds when they are isolated in laboratory 
culture (Raper, 1937, Table 2). 

The myxamoebae of these slime molds are considered by the 
writers to be predators upon the accompanying bacteria. This 
interpretation is somewhat at variance with that of Pinoy (1907), 
who considered D. mucoroides to be an obligate parasite infecting 
bacterial colonies and that of Vuillemin (1902), who described the 
same species as a “bacteriophage” annihilating bacterial colonies. 
Pinoy’s view would seem unjustified since spores will germinate 
in the total absence of bacteria, and myxamoebae will feed upon 
dead bacterial cells as well as living ones. Furthermore, one 
must ascribe to a bacterial colony an unwarranted unity before 
one is justified in considering it capable of becoming parasitized. 
Vuillemin’s interpretation more nearly represents the true case. 
He reported the ingestion and digestion of bacterial cells as 
individuals by the myxamoebae of D. mucoroides, but obviously 
referred to the macroscopic clearance of bacterial colonies when 
he termed the slime mold an “‘Acrasiae bacteriophage.”” And 
indeed, colonies of bacteria in which myxamoebae are actively 
feeding do present pictures simulating those of colonies being 
destroyed by a phage (PI. 1, figs. 2 and 3). But the agents here 
responsible for the destruction of bacterial cells are not sub- 
microscopic in size, but easily observable myxamoebae prey- 
ing upon bacterial cells, engulfing and digesting them. 

Sufficient studies have been made to indicate that either 
Dictyostelium mucoroides, D. purpureum, or Polysphondylium 
violaceum will grow with as great a number of different bacteria 
as D. discoideum, and with a vigor equalling or exceeding that 
species. The latter point is fairly well illustrated in Pl. 2, 
(figs. 4 and 5) where the growth of D. mucoroides, D. purpureum, 
and D. discoideum in association with Eberthella typhosa may 
be compared. 

The question arises, naturally, as to whether any practical 
significance can rightfully be attributed to the ability of Dictyo- 
stelium discoideum to feed upon pathogenic bacteria, This slime 
mold is probably not widely distributed in nature for it has been 
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isolated only a few times and only in the writers’ laboratory. 
Further, since in so far as known, it can grow only under strict 
aerobic conditions and cannot grow at a temperature in excess 
of 28-30°C., its use as a phagocytic agent within the bodies of 
animals is precluded. On the other hand, because of the ease 
with which the species can be cultured in the laboratory and 
because of the ease with which it can at any time be placed in 
pure-mixed cultures with any selected culture of bacteria, patho- 
genic and non-pathogenic alike, it offers an excellent tool with 
which to study many problems pertaining to the nutrition and 
feeding habits of amoeboid cells. 

While D. discoideum is not abundant in nature, other species 
of the Dictyosteliaceae such as D. mucoroides, D. purpureum 
and Polysphondylium violaceum are widely distributed and may 
play a more important réle in the microbiology of the soil than 
has hitherto been generally suspected. Although bacteria patho- 
genic to animals are not commonly encountered in the soil, 
certain forms may and do occasionally occur there. It is sug- 
gested that the fact that they do not long remain may in some 
measure be due to their removal by the myxamoebae of the 
Dictyosteliaceae and of the Myxogastrales and the true amoebae 
of the soil. Finally, as one observes the speed and completeness 
with which D. discoideum (or some other species of the group) 
consumes large colonies of bacteria in a period of two to three 
days, one can imagine the possibility of employing these organisms 
to combat certain bacterial diseases of plants where the inhibiting 
differentials in temperature characteristic of human pathogens 
do not occur. 


SUMMARY 


1. Dictyostelium discoideum a non-plasmodium-forming slime 
mold, was grown in pure-mixed culture upon hay-infusion agar 
with 22 species and strains of bacteria that are pathogenic to 
plants, to animals, or to man and its growth with these organisms 
quantitatively compared. 

2. Included in this number as bacterial associates were common 
plant pathogens such as Erwinia amylovora, E. carotovora, Phyto- 
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monas tumefaciens, P. campestris, P. phaseoli, P. syringae, P. 
malvacearum, P. flaccumfaciens, P. medicagensis and P. phaseoli 
var. fuscus; animal pathogens such as Salmonella suipestifer, 
S. pullorum, S. enteritidis, Escherichia coli and Pseudomonas 
aeruginosa; and human pathogens such as Eberthella typhosa, 
Shigella dysenteriae ‘‘Flexner,”’ S. dysenteriae ““Strong,”’ Salmonella 
schotimuelleri, S. paratyphi, and Staphylococcus citreus. 

3. In the majority of cases the colonies of associated bacteria 
were completely consumed by the myxamoebae which constitute 
the vegetative stage of this and related slime molds; in a few cases 
the bacterial colonies were only partially consumed. 

4. Using other media than hay-infusion agar, D. discoideum 
was grown upon three additional human pathogens, namely: 
Staphylococcus aureus, Bacillus anthracis, and Corynebacterium 
diphtheriae. 

5. Other species of the Dictyosteliaceae such as Dictyostelium 
mucoroides, D. purpureum and Polysphondylium violaceum, which 
are widely distributed in nature, are likewise capable of feeding 
upon a variety of pathogenic bacteria. 

6. Because of the ease with which they can be identified and 
maintained in culture, species of the Dictyosteliaceae afford 
excellent material for experimental studies relating to the nutri- 
tion and feeding habits of amoeboid cells. 


The authors are indebted to the following investigators for 
supplying bacterial cultures for this study: Leland W. Parr, 
A. J. Riker, B. E. Proctor, F. W. Tilley, Wm. 8. Gochenour, 
Charlotte Elliott, Lucia McCulloch, and J. T. Presley. The 
senior author wishes to express his deep appreciation to Wm. H. 
Weston, Professor of Cryptogamic Botany at Harvard Uni- 
versity, and Charles Thom, Chief of the Division of Soil Micro- 
biology, U. S. Department of Agriculture, for their advice and 
criticism during this work. 
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PLATE 1 

Fics. 1 to 6. Successive stages in the consumption of colonies of Escherichia 
coli by Dictyostelium discoideum. X 6. 

Fia. 1, bacterial colony prior to inoculation with Dictyostelium. 

Fia. 2, 24-hour culture of D. discoideum showing central area of bacterial colony 
consumed by the slime mold. 

Fia. 3, 32-hour culture showing increased clearance of bacterial colony. 

Fia. 4, 48-hour culture; early fruiting stages of Dictyostelium evident. 

Fia. 5, 54-hour culture showing increased growth and further development of 
D. discoideum. a, forming pseudoplasmodia; 6, migrating pseudo-plasmodia 
(early stage). 

Fic. 6, 72-hour culture; bacterial colony almost wholly consumed; fruiting 
structures of Dictyostelium abundant: a, forming pseudoplasmodia, b, migrating 
pseudoplasmodia (later stage), c, mature sorocarps, sori or spore heads not in 
focus. 
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PLATE 2 
Fic. 1. Dietyostelium discoideum growing in association with Escherichia col 
upon buffered peptone agar: a, uninoculated bacterial colony; 6, colony similar 
to a 10 days after inoculation with Dictyostelium; c, isolated sorocarps bearing 
bacteria-tree spores x lL; 
Fic. 2. Three-day culture of D. discoideum in association with Eberthella 


jphosa upon carrot-peptone agar colony at left uninoculated with Dictyostelium 


Fic. 3. Culture shown in figure 2 ten days after inoculation with D. discoideum 
Note the completeness with which inoculated colonies have been consumed and 
the present invasion of the control colony by the slime mold K } 

Fic. 4. Four-day culture of D. mucorvides, a, and D. discoideum, b, in associa- 
tion with BE. typhosa upon carrot-peptone agar. Slime mold spores inoculated at 
left end of bacterial streaks ; 


Fic. 5. Five-day culture of D. mucorvides, a, and D. purpureum, b, in associa- 


tion with BE fyphosa 
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The Hotis test, described by Hotis and Miller (1936) as a simple 
method for detecting mastitis streptococci in milk, is attractive 
to veterinarians and milk control officials because the technic is 
relatively simple and positive tests are easily read. To 0.5 
ml. of a 0.5 per cent sterile, aqueous solution of the indicator dye, 
brom-cresol-purple, in a sterile test tube is added 9.5 ml. of the 
milk, and this is incubated for 24 hours at 37.5°C. According to 
the originators of the test, “If streptococci are present, the color 
changes from purple to a yellow shade during incubation as a 
result of the production of acid from lactose by these organisms. 
In addition to this change, if S. agalactiae is present, small flakes 
or balls of growth, from 0.5 to 4 mm. in diameter, usually form 
on the side of the tube.” 

Hotis had earlier noted a tendency of Streptococcus agalactiae 
to grow in clumps, and Devereux (1935) wrote, ‘‘In making brom 
thymol blue keeping-quality determinations of milk on quarter, 
cow samples, and producer samples, it was noted that a flocculent 
growth frequently occurred. This was typical of the type of 
growth often produced by streptococci. Microscopic examina- 
tions verified these findings in that either short or long chain 
streptococci were present in large numbers when this type of 
growth was noted. However, there was no apparent difference 
in the growth produced by Streptococcus lactis and the mastitis 
organisms... It was also found that only about half of the 

1 Published as Scientific Paper No. 406, College of Agriculture and Experiment 
Station, State College of Washington. 
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samples that were culturally positive for mastitis streptococci 
displayed this flocculent growth. . .” 


COMPARISON OF THE HOTIS TEST WITH OTHER TESTS FOR MASTITIS 


Hotis and Miller found the Hotis test to be in perfect agree- 
ment with the blood-agar method in 715 of a series of 753 samples, 
and they obtained mastitis streptococci on blood-agar plates 
from every one of the 560 samples which gave flakes and typical 
color changes. This led them to conclude that, “A characteristic 
change in the color of the sample after incubation together with 
the occurrence of flakes or balls of growth indicates the presence 
of S. agalactiae.” 


TABLE 1 
Correlation of pH, catalase, chloride, and Hotis tests in quarter samples from the 
Wash. Agric. Expt. Sta. herd 


| 


NUMBER OF SAME QUARTERS WITH 
NUMBER OF QUARTERS WITH ‘ene . — ~ = 
pH over | Catalase | Chlorides | Hotis + 

| 6.8 


arya | = Senaiiten 
pH over 6.8 se 7 | 49 2 ee 1 
Catalase over 3 ml. gas | 27 2 «| i en ol 1 
Chlorides over 0.1595 per cent 41 27 21 1 


Hotis + reaction | 4 1 1 1 

Bryan and Devereux (1937) compared the results obtained by 
direct microscopic examination, blood-agar plates, and the 
Hotis test. The blood agar detected 89 per cent of the composite 
samples positive to the microscopic test as compared with 92.5 
per cent when quarter samples were tested. Considering the 
results of the microscopic test as accurate in detecting the pres- 
ence of mastitis streptococci, they found the Hotis test, after 24 
hours incubation, detected from 52.8 to 64.3 per cent of the posi- 
tive composite samples; after 48 hours, from 62.2 to 71.4 per 
cent. The correlation was somewhat better with quarter 
samples, being 64.3 per cent after 24 hours and 78.6 per cent after 
48 hours incubation. However, the longer period of incubation 
produced so many suspicious reactions that the results were 
difficult to interpret. 
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When studies were made of quarter samples from the dairy 
herd of the State College of Washington at Pullman, the results 
of the Hotis test did not correlate with those obtained by de- 
termining the pH either electrometrically or colorimetrically, 
the catalase test basing a positive reaction on the formation of 
three or more cubic centimeters of gas, or the chloride test using 
0.1595 per cent of chlorides as the maximum in normal milk. 
All but four Hotis tests were negative, although clinical mastitis 
occurs in this herd with moderate frequency. 

Quarter samples from the herd of the Western Washington 
Experiment Station at Puyallup revealed a larger percentage of 
Hotis positives, although the incidence of clinical mastitis in this 
herd is low. 


PURE CULTURE STUDIES OF HOTIS-POSITIVE AND HOTIS-NEGATIVE 
QUARTERS 


In order to ascertain whether or not the positive Hotis tests 
obtained were due to the presence of Streptococcus agalactiae 
and whether this organism was present in quarters yielding 
abnormal milk but which gave negative Hotis reactions, studies 
were made of pure cultures from both normal and abnormal 
quarters yielding positive Hotis tests and from abnormal quarters 
yielding negative Hotis tests. The cultures were obtained by 
streaking fresh quarter samples, incubated quarter samples, or 
the flakes from typically positive Hotis tests on blood agar plates 
and picking typical colonies into litmus milk or glucose veal- 
infusion broth. To ascertain whether or not the pure cultures 
so obtained would produce typically positive Hotis reactions when 
grown in a suitable environment, they were cultured in asepti- 
cally-drawn brom-cresol-purple milk. This milk, obtained from 
quarters consistently negative to the Hotis reaction, consistently 
gave typical Hotis reactions when inoculated with a known strain 
of Streptococcus agalactiae. 

The use of unsterilized milk, however, as a culture medium for 
these studies was recognized as unsound since aseptically-drawn 
milk rarely is sterile. The necessity of avoiding the use of un- 
sterilized milk was further emphasized by Hucker (1937) who 
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reported that, “A study of twenty-four udders aseptically re- 
moved and cultured from cows known to be free of mastitis and 
to have passed through one or more lactation periods shows that 
all contained mastitis streptococci.” 

When autoclaved milk was substituted for the raw milk, only 
an occasional tube had the typical flakes on the side, although the 
organisms grew readily and produced sufficient acid to alter the 
color of the indicator. Varying the concentration of the in- 
oculum, changing the dye concentration, adjusting the pH to 
6.8, 7.0, or 7.2 with disodium acid phosphate, raising the chloride 
content to a total chloride concentration of 0.16 per cent, or 
adding calcium to compensate for possible precipitation during 
sterilization failed to enable the milk to support a positive Hotis 
reaction. Symbiotic relationships between various milk organ- 
isms were improbable because, when typical flakes from positive 
reactions were transferred to autoclaved brom-cresol-purple 
milk, they failed to give positive Hotis reactions. 

The altered chemical composition of mastitic milk is due prin- 
cipally to infiltration of blood elements through the injured 
mammary tissue. From 10 to 15 per cent of blood serum from 
either equines or bovines therefore was added to the autoclaved 
brom-cresol-purple milk to raise the pH to approximately 7.0. 
Inoculation with a known Hotis-positive strain of streptococci 
and incubation for 24 hours produced typical flakes and color 
changes in every case. 

It was evident, therefore, that heating inactivated or destroyed 
some factor in fresh milk which was responsible for the tendency 
of certain streptococci to grow in flakes on the side of a test tube 
and that blood serum either reactivated the milk or supplied 
that which had been destroyed. 


THE ROLE OF AGGLUTININS IN THE HOTIS REACTION 


Normal milk which did not give a Hotis reaction but which 
supported the Hotis reaction when inoculated with a certain 
strain of streptococci, was divided into two parts. To both parts 
was added 0.025 per cent brom-cresol-purple and to one was 
added 20 per cent equine blood serum known to be capable of 
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activating the Hotis reaction with the strain of streptococci used 
in this experiment. Portions of each were subjected to various 
degrees of heat for different periods of time. After cooling, they 
were inoculated with a strain of streptococci known to produce 
large flakes in the Hotis reaction and were incubated. 

Table 2, the composite of three trials, shows that exposure to 
80°C. for five minutes destroys, and exposure to 70°C. for approx- 
imately 30 minutes weakens the ability of milk or milk-serum 
mixtures to support the Hotis reaction. This is within the range 
of time and temperature which inactivates agglutinins. Ac- 
cording to Jordan, “‘Agglutinin is weakened by heating to from 
60 to 70°C. and is destroyed at 75°C. With serum heated to 
78°C., no agglutination appears.” It also will be noted that 
milk-serum mixtures were slightly more thermo-tolerant than 
milk alone, probably because the heat destruction of agglutinins 
is a gradual process and the serum supplied a greater initial 
amount. 

The more intense reaction in milk and milk-serum mixtures 
heated to 60° than to 50°C. probably is due to the destruction of 
the complement and the inactivation of the bactericidal proper- 
ties of the blood serum and milk at 60°C. The streptococci 
studied uniformly grew more rapidly in heated than in fresh 
milk and grew least rapidly in fresh milk to which blood serum 
had been added. 

Early bacteriologists recognized the tendency of streptococci, 
pneumococci, and certain other organisms to grow in clumps when 
the medium contained agglutinins specific for them. The re- 
action was first reported by Charrin and Roger (1889) with 
Pseudomonas pyocyaneus, and Pfaundler (1898) made similar 
observations with Escherichia coli and Proteus vulgaris. This 
phenomenon has been used for the identification of the pneumo- 
cocci which are made to grow in long threads, often arranged in 
tangled masses. The process is essentially one of agglutination 
during growth. In describing this phenomenon, Arkwright 
(1931) wrote, ‘An appearance seen in young cultures grown in 
specific immune serum diluted with broth, which is known as the 
thread reaction, is almost certainly due to the same causes as 
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produce somatic or capsular agglutination, acting during the 
growth and division of the bacteria in the presence of agglutinins.”’ 
The same alteration of the surface which causes bacteria to clump 
would tend to make them migrate toward any interface, in the 
Hotis test the wall of the tube, and adhere. 

Further evidence that agglutinins are responsible for the 
characteristic flake formation on the side of the Hotis tube is 
seen in the fact that the titre of any serum for activating the 
Hotis reaction could be markedly reduced against any one 
serological group by agglutinin absorption methods. 

Spontaneous agglutination of many strains of organisms has 
long been recognized. Some strains of Streptococcus agalactiae 
used in this work occasionally produced flakes on the side of 
the tube of autoclaved brom-cresol-purple milk when incubated 
without serum. Recently, a beta-hemolytic streptococcus iso- 
lated from a case of scarlet fever grew in flakes, typical of those 
of the Hotis test, on the side of a tube of glucose broth. The 
work done in this experiment, however, shows that only rarely 
are the forces responsible for spontaneous agglutination sufficient 
to give rise to the formation of flakes or balls on the side of a 
tube of autoclaved milk. 


DISTRIBUTION OF HOTIS-ACTIVATING AGGLUTININS 

Agglutinins capable of activating the Hotis reaction appear to 
be widespread. Blood sera from over 90 per cent of the Hotis- 
negative cows, from all of the Hotis-positive cows studied, from 
all of several horses which served as sources of blood, from all of 
six cavies, two humans and one chicken were capable of support- 
ing typical flake formation when added to autoclaved brom- 
cresol-purple milk and inoculated with Streptococcus agalactiae 
or other streptococci capable of causing typical reactions. 

In the herd of the State College of Washington, all quarter 
samples from 18 Hotis-negative cows supported the Hotis re- 
action when inoculated with a pure culture of streptococci ob- 
tained from a positive Hotis reaction. None of the uninoculated 
controls gave a positive reaction nor did the culture when in- 
oculated into autoclaved brom-cresol-purple milk. 
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However, aseptically drawn unheated milk from an experi- 
mental herd free from any known carriers of udder streptococci, 
failed to support the Hotis reaction when inoculated with Strepto- 
coccus agalactiae. When human blood serum was added at the 
time of inoculation, typical reactions developed after incubation. 
Presumably, the milk from the animals in this experimental 
herd was free from agglutinins for this group of streptococci.’ 


DISTRIBUTION OF HOTIS-POSITIVE STREPTOCOCCI 


The widespread distribution of Hotis-activating agglutinins 
suggested an equally wide distribution of Hotis-positive strepto- 
cocci. Throat swabs were taken from 155 students and inocu- 
lated into sterilized brom-cresol-purple milk plus ten per cent of 
either equine or human blood serum and incubated 18 to 24 hours. 
Of these, 140 gave typical positive Hotis reactions, 12 were nega- 
tive, and three questionable. All contained streptococci and 
when streaked on blood agar and incubated, yielded weakly 
hemolytic colonies which could not be distinguished from those 
of Streptococcus agalactiae. These data indicate that streptococci 
from most human throats will produce the Hotis reaction when 
grown in the presence of human or equine blood serum. 

Further trials were made to ascertain whether streptococci 
from human throats would produce typical Hotis-positive re- 
actions when grown in unheated milk. Twelve of the throat 
swabs which yielded positive results in the previous experiment 
were used to inoculate normal, Hotis-negative milk from a single 
quarter. In the absence of added blood serum, four of these 
yielded positive Hotis reactions. This would indicate that this 
apparently normal quarter produced milk which contained ag- 
glutinins for streptococci from at least four of twelve human 
throats. 

In another trial, milk samples from seven apparently normal 
Hotis-negative quarters were inoculated with throat swabs from 
one person and five of these after incubation gave positive Hotis 
reactions. 


? The authors wish to express their appreciation to Dr. O. W. Schalm of the 
University of California for his cooperation in this portion of the experiment. 
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Fifteen nasal swabs from Hotis-negative cows yielded two 
Hotis-positives when inoculated into autoclaved milk plus serum. 
Microscopically and on blood agar these organisms had the 
appearance of Streptococcus agalactiae and they hydrolyzed 
sodium hippurate and failed to utilize esculin. 

Vaginal swabs from 11 Hotis-negative cows and tears from 
four Hotis-negative cows did not give positive Hotis reactions 
when inoculated into autoclaved milk plus serum. 


CULTURAL CHARACTERISTICS OF HOTIS-POSITIVE STREPTOCOCCI 


Using a capillary pipette, typical flakes were fished from the 
side of Hotis-positive tubes into 2 ml. of glucose broth. After 
four hours incubation, the cultures were streaked on five per cent 
bovine blood agar and incubated over night at 37.5°C. Typical 
colonies were transferred to glucose broth and these incubated 
for 24 hours; then loop transfers were made into various media. 
The diversity of action of these streptococci on carbohydrates is 
shown in table 3. 

The bovine strains most frequently isolated utilized sodium 
hippurate but not esculin. The strains from human sources, in 
general, utilized neither. In both types, however, there were 
variations, including human strains, that had the same reactions 
as Streptococcus agalactiae; i.e., utilization of sodium hippurate 
but not esculin. 

Thirty-seven cultures of streptococci isolated from cows 
and 61 isolated from human beings were identified serologically 
using the Lancefield technique as modified by Brown and in 
addition were grown in esculin and sodium hippurate broths, 
and in sterilized brom-cresol-purple milk plus ten per cent serum. 
Most human cultures were grown in the same serum which was 
used for the original Hotis test, but many of these did not pro- 
duce typical flakes in pure culture until grown in a different 
serum-milk mixture. Not all pure cultures of bovine origin 
produced positive reactions in any one serum. 

From table 4 it will be seen that most of the bovine strains 
isolated from flakes in positive Hotis tubes belong to Lancefield’s 
serological group “‘B,” and that all but five of these produced a 
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TABLE 3 
Carbohydrate reactions of Hotis-positive streptococci 


80 
~tgg ARABIN- RAFFI- 


a. ESCULIN | SALICIN MANNITOL INULIN O8E NOSE 
Strains from bo- + - - | = _ — — 
vine sources + + + + + ur Rv} 
+ + 7 .- 2 + + 1.2 
+ + > - + " | + 
+ + + - + + | - 
+ + + + + - - 
Strains from hu- + - _ - - - ~= 
man sources — + + + + + + 
- _ + «= | + on _ 
- ~ + ” + ~ + 
- - - - + - + 
- + + - + - + 
- - + + + + + 
- - - - _ - + 
+, hydrolysis; —, no hydrolysis. 
TABLE 4 
Serological grouping of streptococci 
BOVINE STRAINS | HUMAN STRAINS 
amber | croup | FaG, | Sem | excuin | Sumbs | croup | B.C; | Sgtlam | ecu 
20 B + H - 31 ? — - -- 
5 B + - - 21 a a | fo 
2 B + H ac 1 ? _ - ac 
1 B + - ac 5 B _ H = 
2 B - H ac 2 B a H = 
2 B — _ ac 1 Bh hed nol 
1 B - H — 
1 C + H ac | 
2 Cc - H ac | 
Bigs Rb feet: fo: gust me proalnideats vol 


Group = Lancefield’s serological group; ? = not in Lancefield’s serological 
groups “A,” “B,”’ or “C’’; + = positive Hotis reaction in pure culture; H = 
hydrolysis; ac = acid. 


positive Hotis reaction in pure culture when grown in the modi- 
fied medium. 
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Of the human strains isolated from flakes in positive Hotis 
reactions from throat swabs in the modified medium, seven 
belonged to Lancefield’s group “‘B,” one to group ‘“‘A,”’ and fifty- 
three to neither ‘‘A,”’ ““B,” or “‘C”’; twenty-one of these belonging 
to some other than the first three groups, yielded positive Hotis 
reactions in pure culture when grown in the modified medium 
using equine serum. 

As noted above, some of the cultures would not form flakes 
when grown in the same serum used in the original test, but would 
in another serum. Furthermore, any one culture might not form 
typical flakes in every one of a series of tubes using one serum, 
although clumps would appear in the bottom of the tube. This 
would suggest the presence of several groups of agglutinins and 
also that the migration of streptococci to the sides of the tube 
when grown in the presence of agglutinins specific for them is 
somewhat a matter of chance. Some strains, especially those 
which showed some tendency towards self-agglutination, pro- 
duced typical flakes with more frequency than did certain other 
strains. The presence of several groups of agglutinins and per- 
haps the matter of chance in the migration to the sides of the 
tube is further suggested by the results obtained in the pre- 
viously-mentioned series of throat swabs in normal milk without 
added serum. 


DISCUSSION 


The Hotis test appears not to be specific for Streptococcus 
agalactiae. Even when attempts were made to confirm the iden- 
tity of the organisms by streaking Hotis-positive milk on blood 
agar and selecting only the weakly hemolytic colonies for further 
study, many diverse streptococci were included. It is evident 
that the combined use of the Hotis test and blood agar plates is 
not sufficient for the differential diagnosis of Streptococcus 
agalactiae. 

The presence of weakly hemolytic, Hotis-positive streptococci 
in most human throats and in the nasal discharges of some 
Hotis-negative cows throws serious doubt on the assumption 
that the elimination from a milking herd of every cow that is 
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shedding such streptococci in the milk will result in the herd 
remaining free from streptococcic infection. Apparently, strep- 
tococci of this general class are much more ubiquitous than 
formerly supposed. 

In herds such as were available to the originators of the Hotis 
test, in which the organism most frequently associated with 
mastitis is Streptococcus agalactiae, the Hotis test may continue 
to have some value. In other herds, the results may be confusing 
or misleading. The identification of an organism by means of 
an agglutination reaction, in which both the organism and the 
agglutinating serum are obtained from the same clinical case, 
must be recognized as scientifically questionable. 


SUMMARY AND CONCLUSIONS 


The Hotis test has been described as being specific for Strepto- 
coccus agalactiae, but in this work, using both unheated milk 
and sterilized Hotis-negative milk plus blood serum, it has been 
found that many organisms, of the genus Streptococcus at least, 
are able to produce the reaction. 

The Hotis reaction appears to be an agglutination reaction and 
the alteration of the surface which causes the organisms to clump 
would cause them to tend to migrate to the surface of the test 
tube and adhere. 

It appears that the yellow flakes or balls which form on the 
side of a tube of brom-cresol-purple milk after incubation, and 
which have been considered diagnostic of Streptococcus agalactiae 
in the Hotis test, may be produced by any organism which: 

1. Stimulates the production of agglutinins. 

2. Grows in the presence of 0.025 per cent brom-cresol-purple 
in a milk medium when incubated in a test tube under aerobic 
conditions at 37.5°C. 

3. Forms clumps on the side of the tube when grown in the 
presence of its agglutinins. 

4. Produces sufficient acid from lactose to increase the hydro- 
gen ion concentration to about pH 5.4. 
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INTRODUCTION 


It is commonly recognized that Klebsiella pneumoniae is closely 
related to the Escherichia-Citrobacter-Aerobacter group of gram- 
negative bacteria, the main differential factor being the capsule 
which is formed by Klebsiella pneumoniae. However, Klebsiella 
pneumoniae is usually placed in a separate category because its 
cultural reactions are not typically those of either the Escherichia 
group or the Aerobacter group, and also because it is often as- 
sociated with pathological conditions in man and animals. The 
precise relationship of this organism to the Escherichia, Citrobacter, 
and Aerobacter groups remains to be established. 

The confusion concerning this relationship is emphasized by 
the fact that Edwards (1929) showed that many cultures ascribed 
to the genus Aerogenes are serologically identical with certain 
strains of Klebsiella pneumoniae. This relationship was studied 
further by Julianelle (1937), who found that some strains of 
encapsulated Aerogenes cross-agglutinate with type B of Fried- 
lander’s baci us, and with type II pneumococcus in serological 
tests. However, absorption tests revealed differences between 
the capsular material of the type B Friedlander’s bacillus and 
Aerobacter aerogenes. 

Obviously, the presence or absence of a capsule does not con- 
stitute a reliable criterion for the separation of Klebsiella pneu- 
moniae from the members of the Colon-Intermediate-Aerogenes 
group. 

All members of the coli form group, may, under certain condi- 
tions assume a mucoid form. Revis (1910) caused a colon 
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organism to develop a mucoid form of growth by cultivating it 
in sterilized soil. Gratia (1922) reported the development of 
mucoid colonies of colon bacilli when non-mucoid types were 
subjected to the action of bacteriophage. Smith (1925) found 
a mucoid colon organism connected with calf scours, and Parr 
(1933) has repeatedly isolated mucoid colon organisms from 
normal feces. 

Furthermore, experience shows that Friedlander’s bacilli, when 
decapsulated, exhibit a smooth, translucent colony form char- 
acteristic of the colon bacillus. This is a form which Julianelle 
in his studies on dissociation of Klebsiella pneumoniae did not 
describe. 

In an investigation of the colony variants of Klebsiella pneu- 
moniae, Julianelle (1928) reported direct transition from the 
smooth, mucoid colony form to the rough colony form when 
cultures of the mucoid bacilli were grown in homologous immune 
serum. The transformation of Klebsiella pneumoniae from the 
mucoid colony type to the rough colony type was also reported 
by Hadley (1925) and O’Neal (1933). 

Dawson (1934) pointed out that there exist three main colonial 
forms within the species Diplococcus pneumoniae. These are 
mucoid, smooth and rough. The mucoid colony consists of en- 
capsulated, virulent organisms. The smooth colony consists of 
organisms which have lost their virulence and their capsules 
but which form stable suspensions in broth. The rough colony 
consists of organisms which are non-encapsulated, avirulent, and 
which form a sediment in broth. 

_ This paper presents evidence that an analogous situation more 
accurately describes the variants of Friedlander’s bacillus, and 
that capsules and colonial form cannot be relied upon to separate 
Friedlander’s bacilli from other coliform bacteria. 


DISSOCIATION OF KLEBSIELLA PNEUMONIAE! 


The three serological types, A, B, and C of Klebsiella pneu- 
moniae, in mucoid form were seeded into 0.5 per cent lithium 


1 The strains used in this work were obtained from Dr. John Hanks of George 
Washington University and from Dr. L. A. Julianelle of Washington University. 
They were Type A Strain Sc., Type B Strain E., and Type C Strain F10. 
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chloride peptone water and incubated at 37°C. for one week. At 
this time plates of meat infusion agar were streaked and the 
resulting colonies examined for any variation from the normal. 
When colonies differing from the original mucoid type were ob- 
served some were picked, reseeded into lithium chloride peptone 
water and again incubated for one week. At each picking several 
variant colonies were selected for morphological and biochemical 
study. This process was continued until the variants to be 
described later were obtained. 

The dissociative process took place at a different rate for each 
of the types A, B, and C, but the first step in each case consisted 
in a change from the mucoid colony form to a translucent colonial 
variant which remained stable in subculture on meat infusion 
agar. The second step was the gradual roughening of the trans- 
lucent variants until typical rough variants were obtained. 
Type A gave rise to translucent variants after three weekly 
transfers. Representative translucent colonies were again trans- 
ferred to lithium chloride peptone water and produced stable 
rough colonies after six weekly transfers. Type B produced 
translucent variants after three weekly transfers. Colonies of 
this translucent form produced rough colonies after four weekly 
transfers in lithium chloride peptone water. Type C gave rise 
to translucent variants after two weeks. These variants gave 
rise to rough colonies after three more weekly transfers in lithium- 
chloride peptone water. The mucoid, translucent, and rough 
colony forms of each strain have been kept on meat infusion agar 
for the past four years without further detectable variation. 

When types A and C gave rise to translucent variants, there 
also appeared very small dew drop colonies. When they were 
replated these dew drop colonies gave rise to translucent forms 
or to a mixture of translucent and dew drop colony types. The 
type C translucent colonies were purified so that they no longer 
produced dew drop colonies but the translucent variant from 
type A still retains this tendency after four years. 

The translucent variant derived from type A grows poorly on 
agar and in broth. In twenty-four-hour agar cultures, the 
colony size varies from very small dew drop colonies to larger 
forms. Sometimes, growth fails to occur unless a large inoculum 
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is used or else it is delayed from 36 to 72 hours. The rough 
variant of type B (Br) obtained from the translucent variant of 
type B (Bt) is also difficult to grow. Large inocula arenecessary 
to initiate growth if the culture has been stored for several weeks 
in the ice box. Growth occurs more readily if blood agar is 
used. However, if the culture is transferred for several genera- 
tions at 37°C. on meat infusion agar it will grow fairly profusely 
in 24 hours. The colonies produced vary in size from pin head 
types to forms 5 or 6 mm. in diameter. 

The colonial appearance of the translucent variants resembled 
very strikingly the colonial form of Escherichia coli and other 
non-capsulated members of the coli-form group. 


DESCRIPTION OF THE COLONY VARIANTS ON INFUSION AGAR AFTER 
24 HOURS INCUBATION AT 37°c. 


For ease in referring to the original colonies and variants, an 
abbreviated system of notation was used: As, type A, smooth 
and mucoid; At, translucent variant derived from type As; Ar, 
rough variant representing further dissociation of At. The same 
system was applied to types B, and C, i.e., Bs, Bt, Br; and Cs, 
Ct, and Cr. 

Description of colonies: 1. As: Mucoid, opaque, white, about 
3 mm. in diameter; round, entire edge, surface smooth, glistening 
and convex; viscous consistency. 

2. At: Non-mucoid, translucent, greyish white; smaller than 
As; round, entire edge; surface smooth, glistening, and slightly 
convex; butyrous. There is considerable variation in the size 
of the colonies. 

3. Ar: Rough, translucent, greyish white, about 2 mm. in 
diameter; round with a crenated edge, surface slightly dull, and 
flat with a thin, narrow periphery; butyrous. 

4. Bs: Similar to As except the colonies appear more of a 
pasty white. 

5. Bt: Similar in appearance to the larger colonies of At. 
The colonies of Bt are of uniform size, 2 to 3 mm. in diameter. 

6. Br: Rough, opaque, dirty-white frosted glass appearance; 
size varies from small to quite large; round with a crenated edge; 
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surface dull and flat; not viscous, but tough and difficult to 
emulsify. On ageing, the colonies appear to enlarge by spreading 
a thin growth outward from the raised center. 

7. Cs: Similar to Bs. 

8. Ct: At first gave rise to the dew drop colony forms, but 
later became stabilized and now resembles Bt. 

9. Cr: Rough, opaque, dirty-white ground-glass appearance; 
about 2 to 3 mm. in diameter; the colonies are often of an ir- 
regular oval shape; edge crenated; surface dull and flat; not 
viscous, but difficult to emulsify. 


MORPHOLOGY AND STAINING CHARACTERISTICS OF THE ORIGINAL 
TYPES AND THEIR VARIANTS 


The organisms in the 24-hour mucoid colonies of all three types 
were plump, gram-negative rods, occurring singly or in pairs. 
Capsules were readily demonstrated when these organisms were 
emulsified in serum and stained with Wright’s stain. 

All of the translucent variants were very similar in morphology 
to each other. They were short, gram-negative, non-encap- 
sulated rods. 

The rough variants did not possess capsules and differed from 
the mucoid and translucent varieties in appearing as long rods or 
filaments. Certain individual differences were noted. The 
rough variant of type A was a gram-negative organism occurring 
as a mixture of rather long rods, together with many shorter 
forms resembling the organisms from the translucent colonies. 
Br was very long and filamentous and showed some evidence of 
branching. The cytoplasm was granularand gram-negative with 
some sections of the rods being gram-positive. Cr was a long 
gram-negative rod, longer than Ar, but not as filamentous as Br. 


CULTURAL AND BIOCHEMICAL REACTIONS 
1. Growth in broth 
Within 24 hours all transplants of the three mucoid cultures 
produced a diffuse turbidity in broth with a ring at the surface 


and a viscid sediment. The translucent variants grew with 
a uniform turbidity and produced a slight non-viscid sediment 
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in 24 hours. A ring at the surface appeared only after cultiva- 
tion for a period of two to five days. The rough variant of type A 
(Ar) grew with a diffuse turbidity and a heavy pellicle which 
settled to the bottom on slight agitation to form a heavy granular 
sediment. The Br variant grew slowly in broth, producing a 
very faint turbidity and a fluffy sediment at the bottom of the 
tube. Upon prolonged incubation, the Br culture grew entirely 
at the bottom of the tube, leaving a clear supernatant. The Cr 
variant produced a faint turbidity, a slight surface film, and grew 
chiefly as a sediment at the bottom of the tube. 


TABLE 1 





2 pars* | 4DaYs | 21 pars | 7 pars 21 pars 
—— lll | REDUC. |_ 








ORGANISMS — 
? PROS- | | 
| Indol | Methyl | 


or =| : 
KAUER | Citrate | Gelatin | wermarne | Glucoset | Lactose 


As | Neg. | Pos. 








Neg. 


| |_ 

| | | Pos. | Neg. | Pos. | A |A 
At.......| Neg. | Pos. | Neg. | Pos. | Neg. | Pos. | A | A-alk. 
Ag..c..<.]. Fae Pos. Neg. | Pos. Neg. | Pos. AG A 
Bs Neg. | Pos. Neg. | Pos. | Neg. Pos. A | A 
Bt | Neg. | Pos. | Neg. | Pos. | Neg. | Pos. | A lA 
Br Neg. | Neg. | Neg. | Neg. | Neg. | Pos. Neg. | Neg. 
Cs | Neg. | Pos. | Neg. | Pos. | Neg. | Pos. | AG AG 
Ct Neg. | Neg. | Neg. Pos. | Neg. | Pos. | AG AG 
Cr.......| Neg. | Neg. | Neg. | Neg. | Pos. | Neg. Neg Neg 





* This refers to the incubation period at 37°C. 
t The reactions of the various strains in sucrose and mannitol are the same as 
those recorded in glucose. 


2. Biochemical reactions 


During the course of this work, the different strains showed 
some variation in their Methyl Red and Voges-Proskauer re- 
actions. In 1925 Small and Julianelle found that most of their 
strains of Klebsiella pneumoniae were Methyl-Red positive and 
Voges-Proskauer negative and that these reactions were of no 
value in the classification of this group of organisms. The original 
strains and the variants used in this study were Methyl-Red 
positive and Voges-Proskauer negative, with the exception of 
Br and Cr which fermented no sugars and, therefore, were nega- 
tive in both tests. 
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On Koser’s citrate medium, all strains, except Br and Cr, grew 
and utilized the citrate. 

With the exception of the rough variant of type A all strains 
failed to produce indol. 

All the cultures and variants, except Cr, reduced nitrates to 
nitrites. The variant Cr also was the only strain or variant which 
liquefied gelatin. 

The reactions on several carbohydrate substrates (see table 1) 
were uniformly constant during the year or more during which 
the original types and the variants were under frequent observa- 
tion. This has been an aid in checking the purity of the different 
strains during this investigation. The translucent variants of 
all three mucoid types had the same biochemical reactions as 
the parent strains. 

The rough strains showed marked cultural differences from 
the mucoid and translucent strains. The Ar variant differed 
from the parent strain in producing gas in glucose, sucrose and 
mannitol and in producingindol. The Br variant was inactive 
on all test substances except nitrates. The Cr variant lost its 
ability to ferment sugars and to reduce nitrates, but gained the 
power of liquefying gelatin. 


AGGLUTINATION REACTIONS 


Suspensions for the agglutination test and for animal inocula- 
tion were prepared by growing the organisms on meat infusion 
agar, washing off the growth with saline solution, and heating 
the suspensions at 60°C. for one hour. Sterility tests were then 
made and the suspensions stored in the ice box. Agglutination 
tests were incubated for 2 hours at 52°C. 

Julianelle (1926) (1937) reported that rough strains derived 
from different types of Friedlander’s bacilli cross agglutinate with 
one another, producing a granular type of agglutination. This 
granular type of agglutination is considered by Julianelle to be 
characteristic of rough organisms which lack the specific polysac- 
charide, while specific agglutination, which is due to the capsular 
material, is like a precipitin reaction and produces a cake in the 
bottom of the tube. Bamforth (1928) in an investigation of the 
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Capsulatus-mucosus group, reported that he obtained specific 
agglutination of a granular type with some of the strains he 
investigated. Consequently, he did not believe that specific 
agglutination was necessarily of the “‘compact-disc” type. 

In the present work, three kinds of agglutination have been 
observed. First, the compact-disc type which is seen when 
encapsulated bacilli are agglutinated by their specific antisera. 
Second, granular agglutination which was observed with all the 
translucent variants and their specific antisera and third, a 
“fluffy” type of agglutination observed when the rough variants 
Br and Cr were acted on by their specific antisera. In the latter 











TABLE 2 
Antisera 
oncanisms | As | At Ar Bs Bt Br Cs ct | Cr 
age ata 10* 
At........| 80 | 640 | | | 
Os. scar 160 | 640 | | 
Bs aa 20 | 
Bt 160 | 1,280 
Br an ' 640 | 
Cs 10 | | 
Ct cont 80 | 640 | 
Cr j } | 2,560 


* This number represents the highest dilution of antisera giving an easily 
discernible reaction. 


type of agglutination, the organisms settled rapidly to the bottom 
of the tube, and, when shaken resuspended without the formation 
of granules. 

The agglutination reactions reveal (See table 2) that the dis- 
sociants do not cross react with variants from strains belonging 
to the other serological types. 

The serological reactions of Ar are different from the reactions 
of the other rough variants. While the Br and Cr variants are 
specific and agglutinate only with the homologous antiserum, Ar 
is agglutinated by antisera against At, although to a lower titer 
than by its own (homologous) antiserum. 
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DISCUSSION 


The results obtained in this study indicate that it is possible 
to obtain from mucoid encapsulated Klebsiella pneumoniae smooth 
translucent colony variants which resemble the colonial form of 
Escherichia coli. It is from these translucent variants that one 
derives the rough colony type described by Julianelle (1928), 
which resemble rough variants of other members of the coli-form 
group. Furthermore, not only do the translucent colonies look 
like those of Escherichia colt but if acid and gas are produced in 
carbohydrate media, as in the case of Ct, it is impossible, because 
of the utilization of citrate, to distinguish the organism from some 
of the members of the Citrobacter group. 

The similarity between the translucent variants of Klebsiella 
pneumoniae and organisms of the Citrobacter group is shown by 
their essentially identical colony morphology and biochemical 
reactions. Still another analogy can be found in the serological 
reactions of the translucent variants and the serological hetero- 
geneity of the coli-form group. 

Lovell (1937) described similar translucent variants produced 
by ageing cultures of encapsulated colon bacilli from “white 
scours” of calves and from one strain of Aerobacter aerogenes. 
Some of his translucent strains were serologically specific, while 
others reacted with each other in agglutination and precipitation 
tests. The grey (translucent) colonies described by Lovell were 
smooth and were composed largely of non-encapsulated or- 
ganisms. It appears that the translucent variants of Lovell and 
the variants of Klebsiella pneumoniae described here correspond 
more closely with the smooth non-capsulated variant of the 
pneumococcus which Dawson (1934) described. Dawson’s sug- 
gestion that the “R-1’’ colony variant described by Julianelle 
(1928) corresponds to the smooth, non-encapsulated colony form 
of the pneumococcus is not supported by the observations re- 
ported in this work. 

Julianelle (1937) has reported that the rough variants of several 
serological types of Klebsiella pneumoniae cross-react. The re- 
sults of this investigation do not confirm the occurrence of cross- 
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reactions among the rough variants of encapsulated Klebsiella 
pneumoniae. Perhaps, the use of two different means of inducing 
dissociation explains the different results, and, as shown by 
Julianelle, even rough variants derived from the same sero- 
logical type of Friedlander’s bacillus are not always serologically 
identical. 


SUMMARY 


1. By growing mucoid encapsulated strains of Klebsiella pneu- 
moniae bacilli types A, B, and C in lithium chloride peptone 
water two distinct colony variants have been obtained from each 
type. These are designated “translucent” and “rough” forms. 

2. The translucent colony variant is smooth and composed 
of non-encapsulated short rods resembling those of the parent 
strain. ' 

3. The translucent variant has always been the first to appear 
in the dissociative process. 

4. The rough variant was derived from the translucent type 
and produces a rough appearing colony which is composed of 
non-capsulated long rods or filaments. 

5. The biochemical reactions of the original types and the 
derived variants have been recorded and their relations to the 
Escherichia, Citrobacter, and Aerobacter groups discussed. 

6. The serological reactions of the original types and the 
variants derived from them have revealed a marked type specif- 


icity and in some cases an individual specificity within the type. 
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PLATE I 


Fig. 1. Colonies of Ar; 24 hours. 
Fia. 2. Colonies of Br; 24 hours. 
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PLATE l Cont nued 


Fic. 3. Colonies of Cr; 24 hours 
Fic. 4. Gram stain of organisms in Br colony 24 hours 
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PLATE l Continued 


Fic. 5. Colonies of B translucent and B smooth and mucoid; 24 hours 
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Srupies 1n Botu.inus Toxin Type B. 
N. P. Sherwood and Monty Belot, 
University of Kansas, Lawrence, 
Kansas. 

This investigation was carried out to 
throw light upon the following: 

1. To determine the effect of botu- 
linus toxin on animals which are able to 
synthesize their own vitamin ‘‘C’’ in 
comparison with those which do not 
possess this property. 

2. To determine the effect of vitamin 
“C” upon botulinus toxin in vitro. 

3. To determine whether repeated in- 
jections of vitamin C will have any 
effect upon botulinus toxin in vivo. 

The results may be summarized as 
follows: 

1. It was shown that guinea pigs 
were quite susceptible to the botulinus 
toxin employed both per os and par- 
enterally. The M.L.D. parenterally 
was 0.005 ml. 

2. White mice, which are supposed 
to manufacture their own vitamin “‘C’’, 
were found to be susceptible to 
botulinus toxin when injected but 
refractory when the toxin was given by 
mouth. Starvation of the animals 
previous to feeding toxins failed to 
render them susceptible. 

3. One wild rat remained well for 
three days after eating 350 guinea pig 
M.L.D.’s of botulinus “‘B’’ toxin but 
succumbed when a like amount was 
again fed to it. 

4. White rats seemed not to be in- 
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jured by the injection of 100 guinea pig 
M.L.D.’s of botulinus “‘B”’ toxin. 

5. When two M.L.D.’s of botulinus 
toxin were mixed with varying amounts 
of vitamin ‘‘C’’ and incubated for one- 
half hour, there seemed to result some 
reduction in toxin potency. 

6. The resistance of six guinea pigs 
that received daily injections of 50 
milligrams of vitamin ‘‘C’’ for four 
consecutive days was not increased for 
botulinus “‘B’’ toxin. 


In Vitro TEsTSs OF THE PATHOGENICITY 
oF 114 Strains or STAPHYLOCOCCI OF 
Mitk Oricin. Pauline A. Keller and 
J. Ralph Wells, Kansas State 
Teachers College, Pittsburg, Kansas 
This investigation of 114 strains of 

staphylococci isolated from the milk 
of individual quarters of cows’ udders 
involved: (1) in vitro evidences of 
pathogenicity, (2) correlation of in 
vitro findings with the history and 
physical evidences of mastitis in the 
respective animals, (3) a comparison 
of the strains isolated from the various 
quarters of one udder, and (4) a study 
of possible group relationships of the 
various strains. 

The in vitro tests used were those 
suggested by Chapman et al. (1933 
1938). Accordingly, 41 of the 114 
strains showed the reported evidences 
of pathogenicity. Eleven of these 41 
were from cows suffering from mastitis 
and the remaining 30 strains were 
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isolated from cows having no known 
history or evidences of the disease. 
Three similar strains were isolated 
from different quarters of the udder 
from each of two cows, and five similar 
strains from each of five cows. 

On the basis of the tests used, this 
collection of cultures was a rather 
heterogeneous one as they were divided 
into one group of 12 similar strains, one 
group of four, one of nine, and nine 
of two strains each. The remaining 53 
strains were dissimilar. 


TESTING THE EFFIcrENCcy OF RuHIzO- 
BIUM MELILOTI. J. 7’. Kroulik, De- 
partment of Bacteriology, Kansas 
State College, Manhattan, Kansas. 
The following method proved satis- 

factory for testing the nodule forming 
and nitrogen fixing efficiency of Rhizo- 
bium meliloti ina greenhouse thoroughly 
impregnated with strains of the same 
organism. 600 grams of thoroughly 
washed Ottawasand were placed in 65x 
500 mm. Pyrex test tubes. A nutrient 
solution, containing CaCO;, was added 
in quantity equivalent to that retained 
against gravity less 15 ml., th: tubes 
plugged with cotton and sterilized. 
Alfalfa seeds were germinated on agar 
and transferred aseptically to the sand 
by means of long forceps. The tube 
was then inoculated with 15 ml. of a 
suspension of a given strain of Rhi- 
zobium meliloti, transferred to the 
greenhouse and plants allowed to grow 
for 6-10 weeks. During this entire 
period it was found unnecessary to 
open the tube for any purpose and 
excellent growth took place if the 
particular strain in question was 
capable of forming nodules and fixing 
adequate nitrogen. 

In testing a series of 12 strains taken 
at random, each replicated 6 times, the 
coefficient of variability for growth, 
measured in terms of dry weight, 
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varied from 6.9% to 11.2% and for 
nitrogen fixed from 5.5% to 16%. The 
roots are easily freed of sand and the 
number and other characteristics of 
the nodules readily studied. 


Strupiges ON E. coLti-MuTABILE. W. A. 
Tanner, Bacteriology Department, 
K.S.C., Manhattan, Kansas. 
Escherichia coli-mutabile has been iso- 

lated and a rapid lactose-fermenting 
variantobtained. Themotherculture, 
or slow fermenting organism, is referred 
to as the “‘W”’ strain, while its rapid 
fermenting variant is designated as 
the “‘R’’ strain. 

Physical and chemical studies have 
been made on these strains in an effort 
to find the primary cause of the latent 
action of lactose. Chemical analyses 
of the products of lactose fermentation 
yielded carbon dioxide, lactic acid or 
succinic acid, acetic acid and ethyl 
alcohol as the final end products. It 
was found that although the slow 
fermenting strain (“‘W’’) utilized some 
lactose from the beginning, it did not 
utilize an appreciable amount for 5-10 
days. At the end of 10 days, both 
strains had fermented equal amounts 
of lactose. 

The rapid fermenting organisms 
(“‘R’’) were caused to show inhibition 
of lactose-fermenting ability for 2-4 
days by growing them on sodium salts 
of glutamic, glutaric and succinic acids. 
It indicated a specific stimulatory ac- 
tion by lactose on the organisms. A 
slight difference in the potentials of the 
two organisms was shown by observing 
the electrophoretic migration velocity. 
The “R” strain gave the higher 
velocity. Serological reactions veri- 
fied the results of other workers in that 
cross agglutination occurred, indicat- 
ing little or no difference in antigenic 
structure in the organisms. 

The Thunberg technique and War- 
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burg apparatus were used in the study 
of respiratory enzymes on “‘resting’’ 
bacteria of both culture types. That 
is, the organisms were washed and 
aerated and did not proliferate to any 
appreciable extent. The results ob- 
tained showed e direct correlation 
between dehydrogenase and oxidase 
activities in the instances where 
glucose, sodium lactate, sodium suc- 
cinate, sodium pyruvate, sodium 
fumarate, and sodium citrate were 
used as hydrogen-donators. In the 
cases of lactose and sodium acetate, 
the substratum was found to be more 
active as a hydrogen-donator when 
oxygen acted as the acceptor than when 
methylene-blue was used for that 
purpose. 

Catalase tests were run, using an 
original technique that required the 
use of the Warburg apparatus. It was 
made evident that both ‘“‘R’’ and ‘““W”’ 
forms of E. coli-mutabile were prolific 
catalase producers. 


Tue UTILIzaTION oF CERTAIN CARBO- 
HYDRATES AND SuGAR DERIVATIVES 


py Raizopia AND CLOSELY RELATED” 


Bacteria. C. E. Georgi and J. M. 

Ettinger, Dept. of Bacteriology, 

University of Nebraska, Lincoln, 

Nebraska. 

The ability of twelve Rhizobia 
(representing six cross-inoculation 
groups), Bacterium radiobacter, and 
Azotobacter chroococcum, to utilize d- 
glucose, d-fructose, d-xylose, melibiose, 
cellobiose, melezitose, dextrin, amyg- 
dalin, inulin, and inositol has been 
studied. Carbohydrates in these media 
were sterilized by filtration in order to 
compare these findings with one re- 
ported in which the medium was 
rendered sterile by autoclaving. 

A group of sugar derivatives, calcium 
gluconate, sodium salts of d-gluconic, 
d-mannonic, l-mannonic, d-galactonic, 


and mucic acids as well as di-sodium 
saccharate have been investigated with 
respect to their availability to the 
previously mentioned bacteria. 

Practically all of the carbohydrates 
and sugar derivatives studied were 
utilized by the Rhizobia, B. radio- 
bacter, and A. chroococcum. Efficiency 
(in terms of nitrogen fixation) of the 
root nodule bacteria could not be 
differentiated on the basis of fermenta- 
tion characteristics. 

Attention is called to two notable 
exceptions however. Rapid acid pro- 
duction of B. radiobacter on sodium d- 
gluconate and on sodium |-mannonate 
gives promise of differentiating this 
common nodule inhabitant from the 
Rhizobia. Failure of A. chroococcum 
to grow on media containing calcium 
d-gluconate in the absence of added 
calcium carbonate is being further 
investigated. 

Changes in reaction of the media 
observed during the incubation period 
are discussed. 


DIFFERENTIAL BLoop PicTruRE AND 
Tora, Count Srupigzs on NorMAL 
AND TRICHINAE-INFECTED ALBINO 
Rats. Edgar H. Beahm and Cornelia 
M. Downs, Dept of Bacteriology, 
University of Kansas. 

Studies on human trichinosis have 
shown that eosinophilia is so con- 
stantly associated with trichinosis that 
its presence may serve as an important 
factor in the diagnosis of the disease. 
Although the haematologic response of 
man to infections of Trichinella spiralis 
is quite well established, the same can- 
not be said of a number of laboratory 
animals that are used a great deal in 
experiments on this parasite. 

Blood studies, both total and differ- 
ential, on a series of 20 albino rats 
revealed that the total erythrocyte 
count was not altered following infec- 
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tion with Trichinella spiralis. The 
total leukocyte count underwent a 
great increase when infectious doses of 
600-700 muscle-encysted trichinae lar- 
vae were eaten by the host; however if 
only 25-50 larvae were ingested the 
count changed very little. It was also 
found that doses between these two 
extremes brought about reactions in 
direct proportion to the severity of the 
infection. 

The differential count is also de- 
pendent upon the number of trichinae 
ingested. If the infection is severe 
enough a relative and absolute neutro- 
philiaappears. This takes place at the 
expense of the lymphocytes bringing 
about a relative lymphopenia. Within 
3 or 4 days the lymphocytes begin to 
increase noticeably and a lympho- 
cytosis results. The decrease in neu- 
trophiles is due to the fact that a great 
many lymphocytes have been released 
into the blood stream. 

The eosinophil count, which runs 
very low in normal animals, showed no 
appreciable change after infection; the 
same was true for the basophil and 
monocyte determinations. 


Srupigs ON THE DISTRIBUTION OF 
MIGRATING TRICHINELLA LARVAE IN 
Rats. Edgar H. Beahm and A. B. 
Leonard, Dept. of Bacteriology and 
Dept. of Zoology, University of 
Kansas. 

One hundred albino rats were in- 
fected by feeding trichinosed meat, and 
killed thereafter at intervals of four 
hours. Observations were made on 
excystation and maturation of worms 
in the intestine. There was no 
localization of the worms in specific 
regions of the intestine; many were 
found even in the caecum and colon. 
The maturing worms wandered freely 
into the intestinal mucosa, and induced 
a tenacious mucus exudation. Sexual 


differentiation was first seen at 32 
hours, matured eggs at 100 hours and 
larvae in the females 24 hours later. 
Migrating larvae were first recovered 
from the peritoneal cavity six days 
after infection, and soon after from 
cardiac blood, the pleural cavity and 
observed in frozen sections of the lung. 
Larvae were found in smal! numbers in 
the portal circulation and also in the 
cerebro-spinal fluid. 

The entire intestinal tract, liver, 
spleen, kidney, tongue, brain, heart 
and samples of muscle were preserved 
for sectioning. In spite of the 
ubiquity of the migrating larvae in 
the circulatory system and the body 
cavities careful study has thus far 
failed to reveal their presence in the 
lymphatic system, the kidney, the 
liver, the spleen or the heart. Migra- 
tion cf the larvae into the muscle began 
at about the 15th day. 

Pathological histology of the gut was 
studied. 


OBSERVATIONS ON THE IpE PRECcIPITA- 
TION Test FoR Sypuitis. Clarence 
L. Brumback, University of Kansas. 
A comparative study of the Ide test 

with the Kolmer- Wassermann, Kahn, 
and Kline tests led to the conclusion 
that the Ide was somewhat less specific 
and considerably less sensitive than 
the other three tests. However, its 
simplicity, ease of reading, and short- 
ening of the time required for testing, 
together with the possibility of its 
application to whole blood suggest its 
use as a supplementary clinical test in 
the diagnosis of syphilis. 

The test showed an agreement of 
89.5% with the Kolmer, 89.9% with 
the Kahn, and 92.9% with the Kline, 
considering the strongly positive (4+ 
and 3+) reactions obtained on 665 
serums. On 1129 serums from persons 
clinically negative and giving no his- 
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tory of syphilis, 2 positive reactions 
were obtained with the Ide. The other 
tests were negative on these serums. 
The Kolmer gave 1223 negative reac- 
tions on a total of 1467 serums as com- 
pared with 1241 obtained with the Ide. 
On 680 serums tested with the Kahn, 
Kline, and Ide tests, 425 negative 
reactions were shown by the Kahn, 435 
by the Kline, and 442 by the Ide. 


AGGLUTININS FOR B. ABORTUS AND 
RELATED ORGANISMS IN BOVINE 
Serum. Cornelia M. Downs and 
Glenn C. Bond, University of Kansas, 
Lawrence. 

The studies here reported are con- 
cerned with the relation of antibodies 
agglutinating members of the Brucella 
group and Pasteurella tularensis and 
related organisms. Human serum 
from undulant fever cases occasionally 
agglutinates tularense and serum from 
cases of tularemia not uncommonly 
agglutinates abortus organisms. 

In one series 102 bovine sera fur- 
nished through the kindness of Dr. L. 
D. Bushnell were set up against the 
following antigens: 

1. Human strain Brucella abortus. 

2. Bovine strain Brucella abortus. 

3. Suis strain Brucella abortus. 

4. Three strains of Alcaligenes 
bronchisepticus. 

5. Five strains of Pasteurella bovi- 
septica. 

6. Three strains of Pasteurella tula- 
rensis. 

A table, not presented here, showed 
the distribution of positive agglutina- 
tion reactions. The significance of 
agglutinins for A. bronchisepticus and 
P. boviseptica is unknown. The in- 
frequency with which these serums 
show agglutinins for P. tularensis is in 
line with the usual report that few 
human undulant fever serums exhibit 
agglutinins for P. tularensis. In a 
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short series of 15 undulant fever serums 
furnished by the State Board of Health 
Laboratories, one only agglutinated P. 
tularensis. However out of 15 tula- 
remia serums, 6 agglutinated B. 
abortus, and out of 21 tularense immune 
rabbit serums 10 agglutinated B. 
abortus in low dilution. 

The zoning is more marked in bovine 
serums than in human or rabbit serums 
and the occurrence of middle zones in 
3 serums with the 844 antigen is par- 
ticularly noted. The zoning phe- 
nomenon evidently has to do with both 
the serum and the antigens used. 


A SraTisTICcAL ANALYSIS OF THE INCI- 
DENCE OF ConTAGIOUS DISEASES IN 
THE StupEeNtT Nurse PopvuLaTion 
J.D. LeMar, University of Nebraska 
College of Medicine, Omaha, 
Nebraska. 


Tue ROLE or CarRBON DIOXIDE IN THE 
Resazurin Test. Millard F. Gund- 
erson and Hugh L. Templeton, Uni- 
versity of Nebraska College of 
Medicine and Roberts Dairy Com- 
pany, Omaha. 

Addition of carbon dioxide to a 0.05% 
aqueous stock solution of resazurin 
caused the formation of purple-black 
particles which could be filtered or 
centrifuged out of suspension. The 
supernatant liquid was red. 

The precipitated material was quite 
insoluble in carbon-dioxide-saturated 
water, but dissolved rapidly in dilute 
alkali or water from carbon dioxide. 
The resulting blue solution behaved in 
the normal manner. 

Concentration of the red component 
with simultaneous removal of the 
carbon dioxide gave a blue solution 
with a slightly red tinge which seemed 
identical with resazurin when used in 
milk. 

Addition of approximately 1.5 grams 
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of carbon dioxide to 10 ml. of milk 
lowered the pH of the milk about 0.5 
of a pH unit. Foaming was very 
pronounced in pasteurized milks, milks 
with high bacterial counts and alkaline 
milks. 

Very small amounts of carbon diox- 
ide will cause color changes in dilute 
aqueous solutions of 0.1 ml. of a 
resazurin stock solution in 10 ml. of 
water. 

The use of carbon dioxide to speed up 
the resazurin test showed that while 
the first color change from blue to 
mauve was accelerated the total time 
for the change from blue to white was 
about the same as in the control 
samples. 

Some possible explanation of the 
reactions involved are offered. 


FERMENTATION OF SuGAR Acips. Gor- 
don B. Robbins and Keith H. Lewis, 
Departments of Chemistry and 
Bacteriology, University of Ne- 
braska, Lincoln, Nebraska. 

The fermentation of twelve sugar 
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acids was studied with respect to 
thirty-two strains of bacteria belong- 
ing to eleven genera. Seven of the 
compounds had not been used previ- 
ously in such studies. 

Comparison of the aldoses, alcohols, 
and aldonic acids in the glucose, man- 
nose, and galactose series supports the 
conclusions of previous workers that 
the aldoses are more readily fermented 
than either the alcohols or the acids. 

Failure of l-rhamnonic acid to be 
fermented by species which attack 
l-rhamnose indicates that the fer- 
mentability of either aldose or acid 
cannot be predicted by the reactions of 
the other compound. 

Although d-gluconic and d-mannonic 
acids were fermented by many organ- 
isms, their optical antipodes were not 
attacked. 

The results suggest that further in- 
vestigation may lead to data of value 
for differentiation of closely related 
bacteria, and to a better understanding 
of the relationship between configura- 
tion and fermentability. 
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FACTORS LIMITING BACTERIAL GROWTH 
V. FRACTIONAL SEDIMENTATION OF SHIGELLA 


A. D. HERSHEY 


Department of Bacteriology and Immunology, Washington University School 
of Medicine, St. Louis, Missouri 


Received for publication April 10, 1939 


Our previous experiments with Escherichia coli have led to the 
conclusion that the rate of accretion in nutrient broth during 
the early hours of growth is constant, and that the differences in 
initial rate of multiplication of transplants from younger and 
older cultures is attributable to differences in average size (Her- 
shey, 1939). It follows that if smaller and larger individuals 
could be isolated from a single culture, these should show differ- 
ences in rate of multiplication, i.e., the larger cells should undergo 
fission sooner than the smaller, other conditions being equal, 
when transferred to nutrient broth. Furthermore, knowing the 
rate of growth and the maximal adult size, the average time 
required for cells of given size to divide should be predictable from 
extremely simple laws, independently of the “‘physiologic state’”’ 
of the parent culture. 

In order to subject these predictions to experimental test, we 
have attempted to separate bacteria of larger and smaller size 
from day-old aerated broth cultures by fractional centrifugaliza- 
tion. By the methods employed, differences in average size of 
10 to 20 per cent were obtained between the more rapidly and 
more slowly sedimenting fractions of Shigella. With E£. coli 
no significant differences were found (table 2). Accompanying 
the differences in size, differences in latency of cell division of 
6 to 16 minutes were observed, the shorter times being associated 
with larger size (fig. 1 and table 2). No appreciable differences 
were seen with E. coli, experiments with the latter organism serv- 
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ing as excellent controls. 





Failure to obtain separation of size 


with the motile species we attribute to interference by flagella. 


TABLE 1 


Rate of accretion and average adult size of E. coli and Shigella flexneri 





enneneen | INCUBATION 


RATE OF 


PERIOD ACCRETION Tt 

| Ee ERS 
B. colé*...... 3.1 
| 2.5 } 2.5 
ae : 2.5 | 2.4 
Shigella flexneri. . | 3.0 26 
3.0 2.5 





ADULT s1zE} 





16.1 
16.5 
14.3 
13.0 

9.0 





* Average of numerous measurements. 
t Doublings per hour. 
t O. consumed, mm.* X 10~’ per cell hour in broth. 











hours | 


BSNISSSeS 


L oxs.t L oxs.t | Leas 


hours | hours 
1.32 | 1.28 
1.25 | 1.24 
1.61 | 1.58 
1.87 | 1.67 
1.70 | 1.71 
1.78 1.76 
1.37 | 1.23 
1.48 | 1.29 


TABLE 2 
Average ‘‘size,’’ and latent period in subculture, of cell-fractions obtained by 
centrifugalization 
+a ORGANISM USED | FRACTION | sIzE* 
2/27/39 | E. coli | Sediment | 1.40 | 
| Supernate | 1.53 | 
3/ 7/39 Shigella flerneri | Sediment | 1.17 
| Supernate | 0.98 | 
3/14/39 Shigella flecneri | Sediment | 0.93 | 
| Supernate | 0.85 
3/21/399 | Shigella flerneri | Sediment 2.10 | 
| Supernate | 1.90 





. * Oxygen consumed, mm* X 10~"/cell hour at zero time in broth. 


+ Time required for 50 per cent increase in numbers. 


t Average of L = t — nG observed for the first three generations; t = midpoint 
of successive cell divisions; n = number of corresponding generation; G = re- 


ciprocal of rate of accretion. 


§ Assumes growth at constant rate to constant average size preceding cell 


division. 
§ 18 hour agar slopes as starting material. 
in all other experiments. 


Day old aerated broth cultures 


There was no significant difference in rate of accretion between 
the two fractions with either organism. 
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Although the differences are small, no attempt has been made 
to subject the data to statistical analysis. Their validity rests 
not so much on the question of random error, as on interpreta- 
tion. Our methods do not distinguish between bacteria existing 
as larger and smaller individuals, and larger and smaller groups 
of cells. An attempt was made to test the possibility that the 
rapidly-sedimenting fraction contained cells in greater aggrega- 
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Fic. 1. MEASUREMENT OF LaTENT PERIOD OF SLOWLY AND RapipLy SEDIMENTING 
FRACTIONS OF SHIGELLA 


Experiment 3/14/39 (table 2). Upper curve supernate, lower curve sediment 
fraction. Arrows indicate the mid-points of successive generations. 


tion by making use of the fact that this circumstance should 
lead to an abnormally high resistance to heat as measured by the 
viable count. No differences were observed in this respect be- 
tween the top and bottom fractions, but the actual difference in 
size is probably too small to permit evaluation by this method. 
Microscopic examination of fresh preparations revealed very 
little aggregation of either fraction. Fixed smears could not be 
used for comparative counts because of salt-agglutination which 
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occurred as the supensions dried. Final resort was made to the 
special precautions taken to homogenize the preparations, and 
to the probability that repeated counts made during the latent 
period of the individual cultures would reveal any discrepancies 
resulting from dissociation of aggregates. 

These experiments were undertaken with a broader purpose in 
view. It was hoped by this method to obtain bacterial fractions 
in the same “physiologic state” but differing sufficiently in size 
to enable comparison to be made of relative resistance to in- 
jurious influences, and of other properties differing between bac- 
teria from young and old cultures. This hope was not realized. 
Nor are the differences entirely satisfactory, quantitatively, with 
respect to growth properties. Nevertheless, since they are 
rigorously consistent, both with themselves and with subsequent 
data of another kind, the experiments will be described in detail. 


METHODS 


Pure-line strains of smooth cultures were used, never more than 
three transplants removed from uniform lots of desiccated cul- 
ture. Nutrient broth was seeded with approximately 10° bacteria 
per ml., and vigorously aerated at 37°C. for a full day. Cultures 
prepared in this manner are metabolically at rest, due to exhaus- 
tion of nutrient material (Hershey and Bronfenbrenner, 1937), 
so that there is no possibility of bacteria entering upon a new 
growth cycle during subsequent fractionation. The culture was 
usually subjected to a preliminary separation at about 2,000 
R.P.M. (mean radius 20 cm.) for 20 minutes. The sediment so 
obtained was resuspended in 2 ml. saline, aspirated violently 100 
times with a pipette carrying a strong rubber bulb, diluted 
further to about half the original volume of the culture, and 
centrifugalized for 3 to 5 minutes. This procedure was repeated 
2 or 3 times, each time discarding the supernate, until the final 
sediment contained about 10'° organisms. 

The supernate from the initial centrifugalization was similarly 
fractionated, except that the more slowly sedimenting fraction 
was recovered each time, an angle centrifuge being used for this 
purpose. The whole procedure was carried out in such a way that 
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the two fractions were handled simultaneously, receiving the 
same exposure to saline, before use. They were finally taken 
up in salt solution, homogenized as before, and diluted to the 
same turbidity (approximately 10° per ml.). Each fraction 
comprised roughly 4 per cent of the starting material. 

Size and growth rates were measured manometrically (Hershey, 
1939). The nephelometric method was unsuitable, since it 
yielded fictitiously large values for size with the bottom fractions, 
because of the concentration there of the slight amount of non- 
bacterial sediment present in the original culture. Presumably 
nitrogen determinations would be misleading for the same reason. 
The growth rate was obtained by measurement, after 2 to 3 hours 
incubation, of oxygen consumption of aliquots of 1:100 dilutions 
in broth of the original suspension. 

Simultaneously with the above measurements, and immediately 
after completing the fractionation, cultures were seeded with each 
of the two fractions for measurement of latent period. These 
consisted of bottles containing 100 ml. of broth at 37°C. which 
received, for convenience in counting, approximately 10,000 
bacteria per ml. Carefully timed at about 15-minute intervals, 
1:100 dilutions were made in saline, vigorously shaken 50 
times, and plated in five 1 ml. amounts. Plating was continued 
throughout three or four generations. 

The initial numbers of bacteria were ascertained by averaging 
the counts made prior to a significant (greater than 10 per cent) 
and sustained increase in numbers, usually the three or four 
counts made during the first hour. The mean latent period, 
ie., the time required for 50 per cent of the original organisms 
to divide, was read off from the graph of the observed counts. 
In order to minimize the effect of errors in individual counts, 
a second value was obtained by locating on the graph the time 
corresponding with a 50 per cent increase during the second 
generation, and subtracting the generating time, calculated from 
growth rate, from this. Similarly, the median of the third 
generation was found, from which two generation times were 
subtracted, and the three results were averaged. This average, 
as well as the values for the first generation, are shown in table 2. 
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The agreement between them, usually very close, provides a 
measure of the consistency of the data. An example of the 
method is shown in the figure. 

The latent period required by theory, also shown in table 2, 
was calculated from the observed size, and from the data of 
table 1, using an equation describing growth at constant rate. 
The agreement between calculated and observed values within 
the individual experiments must be regarded as somewhat for- 
tuitous, inasmuch as the differences in size recorded are nearly 
within limits of experimental error. For this reason, the method 
of calculation will be left for another publication, which will 
include observations of a more general character. 

The four experiments summarized in table 2 were performed 
consecutively. Included are one of the several negative trials 
with EF. coli, and all the experiments carried out with Shigella 
flexneri. 


SUMMARY 


By centrifugalization, fractions were obtained from cultures 
of Shigella flexneri, but not of Escherichia coli, showing small 
differences in average size of cells. The larger organisms ex- 
hibited a shorter latent period in nutrient broth than the smaller, 
the differences being of the order of magnitude required by theory. 
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NONMOTILE VARIANTS OF BACILLUS ALVEI' 
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The ability of Bacillus alvei to form migrating colonies upon 
the surfaces of solid media free from excessive moisture was 
reported previously by Smith and Clark (1938).2 A similar 
property has been noted by Roberts (1935) for Bacillus rotans. 
Recently Shinn (1938), in a cinematographic study of colony 
motility of B. alvet, remarked that it was surprising that such 
motility had been so long overlooked, and questioned whether 
the phenomenon applied to B. alvei or to a bacterium described 
as “‘Bacillus helixoides” by Muto (1904). 

Following our original demonstration of colony motility in 
B. alvei, additional cultures, isolated from foulbrood of bees and 
labelled B. alvet or Bacillus para-alvei have been received which 
likewise show colony migrations. All of our own isolates from 
soil, considered identical with named cultures of B. alvei, have 
shown motile colonies. Reports of earlier workers (Cheshire 
and Cheyne, 1885; Harrison, 1900; White, 1906; Tarr, 1935) 
upon B. alvei contain descriptions of its growth upon solid media 
which suggest that the phenomenon of colony motility had oc- 
curred, even though the actual migration had not been observed. 
Such references, together with the motility of authentic cultures, 
have led to the present study to determine whether colonies of 
B. alvei always show motility under suitable conditions. 


1 Investigations conducted codperatively by the Division of Soil Microbiology, 
Bureau of Plant Industry, U. 8. Department of Agriculture, and the Kansas Ex- 
periment Station. Contribution No. 177 of the Department of Bacteriology, 
Kansas State College of Agriculture and Applied Science. 

? The author is indebted to N. R. Smith for valuable suggestions offered in 
the completion of the present work. 
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ISOLATION OF COLONY VARIANTS 


The culture of B. alvei employed in these studies was obtained 
from J. 1. Hambleton, Bureau of Entomology and Plant Quaran- 
tine, Beltsville, Md. This culture, found morphologically and 
culturally identical with a second culture from Hambleton and 
with a culture of B. alvei obtained from A. G. Lochhead, Central 
Experiment Farm, Ottawa, has been under observation for a 
period of 20 months for variations in its colony motility. 

Isolation of variants from this culture was accomplished by 
streaking single lines of inoculation across Petri dish surfaces of 
sterile nutrient agar. After incubations of from 1 to 4 days at 
room temperatures, such surfaces were covered by migrating 
colonies. Occasional colonies could be observed which exhibited 
more elevated or more mucoid appearances. Upon re-streaking 
these to subsequent plates, it was possible to obtain, after a few 
subcultures, plates showing colony formation limited to the line 
of inoculation. In further subculturing, such daughter strains 
quite frequently showed motile out-growths at one or more points 
along the line of inoculation, and it was only after continued 
selection of nonmotile colonies that strains were established which 
could be carried for successive subcultures on solid agar without 
showing motile habit of growth. 


PROPERTIES OF NONMOTILE VARIANTS 


The nonmotile variants showed the cultural, tinctorial and 
physiological responses of the motile types except in case of the 
following characteristics: 


Appearance of growth on solid agar 


Nonmotile strains produced round, raised, convex colonies on 
solid agar, with growth limited to the line or point of inoculation. 
On the other hand, motile strains produced many irregular colon- 
ies, frequently vermiform or helicoid, and growth was not limited to 
the line or point of inoculation. 
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Motility 


Hanging drop mounts prepared from nonmotile colonies did 
not show the presence of motile organisms; in contrast, active 
motility was exhibited by cells from motile colonies. 


Flagella 


From motile colonies, peritrichic flagellation of cells could be 
demonstrated readily; on the contrary, efforts to stain flagella 
on cells obtained from nonmotile colonies failed repeatedly, 
although areas of precipitation or of light staining were obtained 
about the individual cells. 


Capsules 


Using the India ink method of demonstration, cells from non- 
motile colonies showed the presence of large capsular areas, in 
contrast to the lack of such distinct encapsulation in the motile 
strains. 


Glucose broth 


Nonmotile variants produced a granular type of growth, with 
sediment, whereas motile variants produced an early uniform 
turbidity following inoculation. 

In all physiological responses the two types were found similar. 
Differences were not observed in sizes of cells or spores, or in 
numbers of spore-bearing rods or free spores in cultures of com- 
parable ages. In stained smears prepared from suitably aged 
nutrient agar cultures of either the motile or nonmotile type, 
long rows of cylindrical spores, with the long axes of the spores 
lying parallel, were observed. The formation of such rows of 
spores by B. alvet has been noted frequently by earlier workers 
(McCray, 1917; Lochhead, 1928; Tarr, 1935), and is considered 
almost diagnostic of this species. 


STABILITY OF NONMOTILE VARIANTS 


The nonmotile habit of growth was difficult to establish, but 
once obtained, nonmotile variants were relatively stable on solid 
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media. Such variants could also be passed through broth for 
limited periods without loss of their characteristic nonmotile 
form of growth. Suspensions of their spores boiled for from 5 
to 10 minutes and plated again gave rise to nonmotile colonies. 
On the other hand, after several transfers through broth media, 
after aging of a single culture in broth for several days, or oc- 
casionally spontaneously, nonmotile variants would again show 
the motile habit of growth. In contrast, motile strains were 
never observed to become spontaneously nonmotile, either after 
boiling of spores, after subculturing on various common labora- 
tory media, or after incubations of inoculated plates under differ- 
ent conditions of light, temperature or position. 


DISCUSSION 


These studies upon B. alvet have shown that, even when con- 
ditions suitable for colony migration exist, nonmotility of its 
colonies may occur. The tinctorial and cultural evidence in- 
dicates that lack of motility in selected cultures is associated with 
an excessive amount of capsular or extracellular material. The 
production of variants unusually well endowed with capsular 
material raises again the question of the importance of extra- 
cellular material in the phenomenon of colony migration generally. 
Roberts (1935) has suggested that the migration of colonies of 
B. rotans may result from the action of flagella within a watery 
secretion produced by the cells themselves. A limited amount of 
cohesive extracellular material could undoubtedly contribute to 
the unity exhibited by a number of cells grouped into a mobile unit. 

The occurrence of long rows of spores in stained preparations 
from nonmotile cultures, identical to rows of spores produced by 
motile cultures, is of especial interest. In direct microscopic 
observation of motile colonies, the individual bacilli are observed 
to lie parallel to one another, an arrangement significant in the 
motility of a group of cells as a unit, and it is not surprising that 
in stained preparations spores are observed lying in lateral rows. 
The appearance of similar rows of spores in stains from nonmotile 
colonies indicates an orientation of cells, even though actual 
migration does not occur. 
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The greater stability of the motile over the nonmotile type of 
growth makes it plausible to assume that earlier descriptions of 
plate growths of B. alvet were based on cultures showing motility 
of colonies, even though the actual phenomenon of migration 
was not observed. Cheshire and Cheyne (1885) noted that on 
gelatin plates outgrowths from the line of inoculation occurred, 
that such outgrowths might grow round so as to form a circle, 
and that from such circles other fresh circles might be formed. 
Harrison (1900) observed spreading and repeated branching of 
growth on agar plates, and believed the seaweed appearance 
“distinctively characteristic, and as the growth is very rapid, 
this method commends itself for making a quick diagnosis. . .”’ 
That White (1906) possibly encountered colony motility is in- 
dicated by his observation that colonies were often ‘‘surrounded 
by numerous smaller but similar growths.”’ More recently, 
Tarr (1935) has noted that on agar (dried), ‘there is marked 
spreading, the growth appearing as a mass of colonies over the 
surface of the medium.” 

These references suggest that the spreading habit of growth 
has long been considered characteristic of B. alvei. Some ob- 
servations on variability in this species have also been noted. 
Lochhead (1928) reported an asporogenic habit of growth by 
B. alvet on certain sugar-containing media, and that the further 
aging of the non-sporulating rods on suitable media produced 
coccoid types, relatively stable in further culture. Burnside 
(1934) produced asporogenic cultures of B. alvet by repeated 
passages through broth, and noted that such cultures were non- 
motile. Whether the sporogenic nonmotile variants which we 
have secured on ordinary nutrient agars are related in any manner 
to, or are intermediate between, the streptococcus-like types 
noted by Lochhead or the asporogenic nonmotile types noted by 
Burnside is not known. 

Shinn (1938) has questioned whether B. alvei and Bacillus 
helicoides (the latter described by Muto in 1904 as B. helixoides, 
and amended to B. helicoides by Kitasato (Lehmann and Neu- 
mann, 1931)) are not “one and the same,”’ noting that his strain 
(B. alvet A. T. C. C.) “would, on cursory examination, answer 
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best to Muto’s description.” Apparently Shinn did not fully 
consider the original description, because B. helicoides was 
described as a non-sporing gram-negative rod, failing to with- 
stand heating to 60°C. for 10 minutes, and failing to attack gelatin 
or milk. Lehmann and Neumann (1931) have considered 
B. helicoides to be related to Proteus vulgaris; it should not be 
confused therefore with B. alvei. It has been noted previously 
by Smith and Clark (1938) that colony motility is not limited to 
the genus Bacillus; the colonies of a Bacterium isolated from the 
intestinal tract of an angle-worm showed motility. 

Russ-Munzer (1938) has also reported aerobic gram-positive 
spore-bearing rods showing colony migrations. Her cultures 
have been identified by N. R. Smith (personal communication) 
as B. alvei and as Bacillus circulans. 


SUMMARY 


From a culture of Bacillus alvei showing motile colonies on 
dried agar surfaces, variant daughter strains which fail to show 
colony motility were obtained by selective picking. Such non- 
motile variants showed reversion to the motile type when aged 
in glucose broth. 

Lack of colony motility is associated with lack of demonstrable 
flagella, the presence of a large amount of extracellular or capsular 
material, and with a granular, rather than a turbid, type of growth 
in broth. Otherwise, the nonmotile variants were identical with 
the motile parent culture, even insofar as showing orientation of 
spores in long lateral rows. 
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The mechanism of disinfection has been studied by a consider- 
able number of investigators but most of the published work, 
and especially that concerning the relation between concentration 
of disinfectant and time required for disinfection, was done many 
years ago. It seemed worth while, therefore, to make a further 
study of this phase of the subject, with special reference to the 
possible practical utility of mathematical formulas. 

An excellent discussion of the mechanism of disinfection, with 
reference to the literature, is contained in the treatise on Physi- 
ology and Biochemistry of Bacteria, by Buchanan and Fulmer 
(1930) and no attempt will be made here to review the literature. 

In the present work the equation C*-t = a constant (A) has 
been assumed to be the basic equation for the mechanism of 
disinfection. This equation was employed by Watson (1908) 
without details regarding its ultimate derivation. Buchanan 
and Fulmer have shown that it may be derived from the Guld- 
berg-Waage law. Obviously its practical application presupposes 
strict uniformity in all experimental conditions and in all factors 
other than disinfectant concentration (C) and disinfection 
time (t). 

The writer has determined the bactericidal efficiencies of several 
phenols and alcohols by a modified Rideal-Walker technic and 
from the experimental data thus obtained has calculated values 
of the concentration exponent (n) for these disinfectants. Calcu- 
lation is facilitated by expression of the equation C*-t = A in 
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the logarithmic form: n log C+ log t = log A. When disinfection 
times are determined for a series of disinfectant concentrations 
and the results are expressed in the equations: n log C, = log A — 
log ti, n log C; = log A — log ts, etc., successive pairs of equations 
may be combined by subtraction to yield the derived equations: 


_ logts — log te 


_ log — log _ log ts — logte 
log C; — log C;’ 


™ = fog, — log,’ ™ 7 
from which an average value of n may be determined for the 
series. 

The average value of n in such a series may also be determined 
by the graphical method employed by Watson. When the suc- 
cessive values for log C and log t are plotted against each other 
the results should lie in an approximately straight line. The 


value of n may then be calculated by the equation: 


¥2~ 
1 — % 


n= 


after selection of two suitable points (x:, y:) and (xs, yz) on the 
straight line drawn under guidance of the plotted points repre- 
senting the individual tests. Both the above methods were em- 
ployed in the present work and data on the agreement between 
the results will be presented. After the average value of n for 
the series had been obtained either by the graphical method or 
by computation, values of log A were obtained by substitution 
in the equation: 


n log C + logt = log A 
and an average value of log A was determined for the series. 


EXPERIMENTAL PROCEDURE 


Bactericidal efficiency was determined by the Rideal-Walker 
technique, modified as follows: Beef-infusion broth adjusted to 
pH 7 was used instead of R-W standard broth; instead of a 
standardized dropping pipet a 1-ml. pipet graduated into tenths 
was used to measure the 0.5 ml. of culture required for the test; 
the usual medication temperature was 20°C. instead of 15° to 
18°; dilutions were made in sterile Erlenmeyer flasks instead of 
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in cylinders; fixed amounts of the stock solution of disinfectant 
were added to varying amounts of distilled water, all measured 
with sterile standardized pipets; the time of exposure was ex- 
tended beyond 15 minutes, subcultures being made at 2.5-minute 
intervals from 2.5 to 30 minutes, at 5-minute intervals from 
30 minutes to 80 minutes, and at 10-minute intervals beyond 80 
minutes; Staphylococcus aureus was used as a test organism in 
addition to Eberthella typhosa. 


EXPERIMENTAL AND CALCULATED RESULTS 


Experimental results with phenol as the disinfectant and 
Staphylococcus aureus as the test organism are shown in table 1, 





TABLE 1 
Bactericidal efficiency of phenol against Staphylococcus aureus 
| Cc Loe Ci LOG ts 
DILUTION (PARTS | t Loe C Loe t —Loe Cs —LOG ti n Loe A 
| —N 1000) ETC. ETc. 
——-_ ; minutes | yea 
1:55 | 18.1 | 5 | 1.25768 .69897 7.87 
1:60 16.6 7.5 | 1.22011 .87506 | .03757 .17609 | 4.69 | 7.83 
1:65 15.4 15 1.18752 | 1.17609 | .03259 .380103 | 9.24 | 7.94 
1:70 | 14.3 20 1.15534 | 1.30103 | .03218 . 12494 3.88 | 7.88 
1:75 | 13.33 30 1.12385 | 1.47712 | .03149 | .17609 | 5.59 | 7.88 
1:80 12.5 40 1.09691 | 1.60206 .02694 .12494 | 4.64 7.85 
1:85 11.7 55 1.06819 | 1.74036 | .02872 .13830 | 4.81 7.83 
1:90 11.1 80 1.04532 | 1.90309 | .02287 16273 | 7.11 7.86 
Average values... ee 5.7 7.87 


Experiment canducted at 20°C. 


together with the derived values of n and log A. All calculations 
of the value of log A were based upon the average value of n = 
5.7. The same experimental data are presented in Figure 1, and 
there lead to the average value, n = 5.75. 

The resistance of test cultures is prone to vary in spite of 
efforts to maintain constancy in all experimental conditions. The 
effect of such variations is indicated by the data shown in table 2, 
derived from two experiments conducted on different days with 
phenol as the disinfectant and Eberthella typhosa as the test 
organism. 
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In 16 similar experiments with phenol and Eberthella typhosa 
the derived average values of n varied between 6.8 and 9.0 with 
a general average of 7.3. Likewise in 24 experiments with phenol 
as the disinfectant and Staphylococcus aureus as the test organism 
the derived average values of n varied between 4.6 and 6.6 with 
a general average of 5.9. However, 15 of the 16 experiments 
with Eberthella typhosa yielded values of n between 6.8 and 7.7 
and 20 of the 24 experiments with Staphylococcus aureus yielded 
values of n between 5.4 and 6.6. It seems, therefore, that under 
the experimental conditions herein described the results of any 


TABLE 2 
Bactericidal efficiency of phenol against Eberthella typhosa 





EXPERIMENT 1 EXPERIMENT 2 


Cc 
DILUTION (PARTS IN 1000) 


t 


minutes 
15.4 5 
14.3 10 
13.3 15 
12.5 30 
11.7 50 
11.1 


Avarens Wahee OF O...<o.cckdececs canes 


Experiments conducted at 20°C. 


two comparable tests may be expected to vary by not more than 
20 per cent. In a series of similar experiments results may be 
expected to come within 10 per cent of the general average for 
the series. 

In partial confirmation of this estimate may be presented some 
additional results obtained in two experiments with phenol as the 
disinfectant and Staphylococcus aureus as the test organism. In 
these experiments the observed disinfection times for a 1:100 
dilution of phenol were 150 and 180 minutes, respectively. The 
time calculated from the values of n and log A shown in table 1 
would be 148 minutes but if the value, n = 5.9, the average for 
all the experiments, is substituted for n = 5.7 the calculated time 
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CONCENTRATION OF DISINFECTANTS 


TABLE 3 


Bactericidal efficiencies of various disinfectants other than phenol 


EBERTHELLA TYPHOSA 


DISINFECTANT 
Dilution Cc t 

minutes 

Orthocresol 1:150 6.66* 7.5 

1:160 6.25 10.0 

1:170 5.88 15.0 

1:180 5.55 27.5 

1:190 5.26 40.0 

1:200 5.00 60.0 


Average values 


Paracresol 1:160 6.25* 5.0 
7 


1:170 | 5.88 5 
1:180 | 5.55 12.5 
1:190 | 5.26 | 20.0 
1:200 | 5.00 35.0 
1:210 | 4.76 50.0 
1:220 | 4.54 65.0 


Average values 


Orthobutyl- 


i 2.85t} 5 
phenol 1:3750 | 2.66 10 
1:4000 | 2.50 | 20 
1:4250 | 2.35 35 
1:4500 2.22 60 
Average values 
Parabuty]- 1:4500 | 2.22 5.0 
phenol 1:4750 | 2.10 7.5 
1:5000 | 2.00 12.5 
1:5250 | 1.90 17.5 
1:5500 | 1.81! 35.0 
1:5750 | 1.73 50.0 
Average values 
Resorcinol 
1:25 40 .0* 7.5 
1:30 (33.3 20.0 
1:35 (28.5 40.0 
1:40 25.0 80.0 
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STAPHYLOCOCCUS AUREUS 


Dilution 


:130 
7140 
7150 
:160 
:170 
:180 
7190 


7130 
7140 
7150 
7160 
:170 
7180 


:2750 | 
:3000 
73250 
:3500 
73750 


73250 
73500 
73750 
74000 
74250 
74500 


135 


Cc 


70* 
10 
6.66 
6.25 
5.90 
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5.26 


7.70* 
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TABLE 3—Concluded 











EBERTHELLA TYPHOSA STAPHYLOCOCCUS AUREUS 
DISINFECTANT ia - 7 ones 
Dilution Cc t n log A Dilution Cc t n log A 
minutes minutes - 
Normal pro- | 1:225 4.44" = 5.0 4.1) 1:175 | 5.71% 7.5 4.9 
pylresor- 1:250 | 4.00 7.5, 3.9 4.0) 1:200 | 5.00) 12.5 3.8 4.8 
cinol | 1:275 | 3.63 | 12.5) 5.3) 4.1 | 1:225 | 4.44 22.5) 5.0) 4.8 
| 1:300 | 3.33 | 20.0, 5.4 4.1 | 1:250 | 4.00) 50.0 7.6 4.9 
| 1:325 | 3.07 | 30.0) 5.0 4.1 | 1:275 | 3.63 | 80.0) 4.8 4.9 
| 1:350 | 2.85 | 50.0 6.9) 4.1 | 
Average values ..| 5.3) 4.08 5.3) 4.86 
Ethyl alcohol 34t 5.0) 18.0 | 40t 5.0 19.0 
32 10.0| 11.418.0 | 38 7.5 8.018.9 
30 27.5) 12.118.1 36 15.0 12.818.9 
28 =| « 60.0) 11.3/18.1 34 27.5 10.618.9 
26 130.0) 10.4/18.1 | 32 65.0 14.219.0 
. — _ . —— = on a: 
Average values en | 11.3,18.06) | 11.418.94 
Normal butyl) 5.25t} 5.0 |9.3| 7.25t) 5.0 11.6 
alcohol 5.00 | 10.0) 14.2\ 9.4 | 7.00 | 7.5 11.511.6 
4.75 | 22.5) 15.0) 9.5 6.75 | 12.5 14.011.6 
4.50 | 45.0) 12.8 9.5 | 6.50 20.0 12.411.6 
4.25 | 75.0) 8.9) 9.4 | 6.25 | 35.0) 14.311.6 
4.00 | 130.0) 9.1) 9.3 | 6.00 55.0) 11.111.6 
Average values ae 12.0, 9.4 12.711.6 
* Parts in 1000. 


t Parts in 10,000. 
¢ Grams in 100 ce. 


would be 166 minutes. Obviously, results can be predicted by 
the graphical method as an alternative to computation. 

The results of experiments with a number of other disinfectants 
are shown in table 3 and, in part, in figures 2, 3 and 4. In each 
case the results are taken from a single experiment selected from 
a group of three or more. 

The effect of soap in modifying germicidal efficiency is illus- 
trated in figure 5. In order to facilitate comparison, data for 
Liquor Cresolis Saponatus are based on concentrations of the 
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contained cresols, which constituted approximately 50 per cent 
of the product. The two graphs cross at the point representing 
a ecresol concentration of approximately 1:150. At lower con- 
centrations, soap aids, and at higher concentrations, hinders, 
bactericidal efficiency as previously noted by the writer (Tilley 
and Schaffer, 1925). 
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A, Liquor Cresolis Saponatus on basis of cresol, n = 2.57; B, paracresol, 

n = 8.2. 


In table 4 are presented values of n determined at several 
temperatures. These values are averages of two or more con- 
cordant results. In general they suggest very strongly that at 
ordinary temperatures values of n are characteristic for each 
disinfectant with each test organism. These characteristic values 
may be altered by temperatures of 30°C. or higher. 








508 F. W. TILLEY 


TABLE 4 
Values of n determined at different temperatures 


DISINFECTANT TEST ORGANISM 10°C, 20°C. 30°C. 40°C. 
Pen ae ees 
Orthoeresol Sewee | 78 | 76 | 81 | 68 
Peeent...f| Rie | Be | oe | ta) Bs 
O-Butylphenol ' | — e" bes 
P-Butylphenol...... > — om . 
Resorcinol ii pemee toma Teel ae 
winacen. ft eee <| es eet te 
X Hatt alent. {| ern ae 2 

DISCUSSION 


As Buchanan and Fulmer have pointed out, different types of 
disinfectant act upon bacterial protoplasm in different ways and 
it is not to be expected that the relation between concentration 
of disinfectant and time required for disinfection can be expressed 
by a single formula applicable to all types. However, it appears 
that these two factors are exponentially related over considerable 
ranges of concentrations and disinfection times in the case of 
many disinfectants and in such cases the derived mathematical 
values may be useful in evaluating or predicting bactericidal 
efficiency. 

The mathematical formulas employed rigorously exclude any 
variation during comparable tests in any factors or conditions 
other than concentration of disinfectant and time required for 
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disinfection. It is impossible to control with mathematical pre- 
cision such factors as the resistance and numbers of the bacteria 
in the test cultures and medication mixtures, and examination 
of the results presented in the tables and figures shows many 
irregularities due to unavoidable experimental errors. The effect 
of these errors is, however, minimized by averaging the results 
of each series of comparable tests and it is believed that average 
results obtained by the methods herein described may have some 
practical value. 

The value, n, heretofore referred to as the concentration ex- 
ponent is designated by some writers the coefficient of dilution, 
since it indicates the degree to which dilution lessens the rate 
of disinfection. For example, ethy! alcohol with a high value of 
n loses efficiency with dilution much more rapidly than phenol 
with a value of n about one half as great. 


SUMMARY 


The bactericidal efficiencies of phenol, orthocresol, paracresol, 
orthobutylphenol, parabutylphenol, resorcinol, n-propylresor- 
cinol, ethyl alcohol and n-butyl alcohol against Staphylococcus 
aureus and Eberthella typhosa were determined by a modified 
Rideal-Walker technique. From the resulting experimental data 
values for the concentration exponent, n, were calculated by 
the formula: 


sind log te — log t; 
log C; _ log C; 


The value of n thus obtained was then substituted in the formula: 
n log C + log t = log A (a constant). Values of n and log A 
thus derived could be employed in this same equation to calculate 
either time or concentration when only one of these factors was 
known. The accuracy of results obtainable by the methods of 
testing employed is limited by unavoidable experimental errors 
but is believed to be sufficient to permit practical use of these 
mathematical formulas and derived values. Results of experi- 
ments conducted at different temperatures suggest that values of n 
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are essentially characteristic for each disinfectant with each 
test organism. 
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STUDIES ON THE HEMOLYTIC STREPTOCOCCUS: 


III. PoLYSACCHARIDE AND PROTEIN FRACTIONS ENCOUNTERED IN 
THE PRECIPITATION OF ERYTHROGENIC TOXIN 
FROM CULTURE FILTRATES 


AARON H. STOCK 
Children’s Hospital, Pittsburgh, Pennsylvania 


Received for publication April 24, 1939 


In preliminary experiments designed to isolate pure erythro- 
genic toxin from streptococcal filtrates, extraneous products were 
encountered which complicated the separation. In this paper, 
five such products—a peptone polysaccharide, a uronic acid 
polysaccharide, a yellow “‘oil,’’ syrupy proteins, and a “‘nucleo- 
protein” fraction—are to be discussed in sequence. The results 
are presented in some detail because they seem to be of value to 
the bacteriologist and the biochemist. 

In this study, cultures of the NY5 strain of hemolytic strepto- 
coccus were made in three types of mediums which were used 
in sequence. Alcohol was employed to precipitate the toxin. 
The first medium consisted of Parke-Davis peptone and meat 
infusion. The small amount of toxin precipitated from the 
culture filtrate was associated with a peptone polysaccharide 
(Stock, 1937) that has been found to have no relationship to the 
toxin. The second type of medium was free from peptone poly- 
saccharide. The small amount of toxin that was precipitated 
from such culture filtrates was mixed with two other substances, 
a uronic acid polysaccharide and a yellow “‘oil.’’ In attempting 
to obtain all the toxin from the filtrates, syrupy protein products 
were precipitated. Consequently, a third type of medium was 
devised, one that did not contain readily precipitable polysac- 

1 This work was aided by a grant from the Carnegie Corporation of New York, 
and was under the supervision of Dr. Maud L. Menten. 
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charides or proteins. The “nucleoprotein” fraction was en- 
countered with the first and second mediums. 


I. A PEPTONE POLYSACCHARIDE 


In our first attempts to isolate erythrogenic toxin from strepto- 
coccus culture filtrates of a Parke-Davis peptone-meat infusion 
medium, an interfering polysaccharide was found, as described 
in a preliminary communication (Stock, 1937). The source of 
the polysaccharide proved to be the peptone used in the medium. 








TABLE 1 
Comparison of peptone, pepsin, and pancreatin polysaccharides 
REDUCING GLUCOSAMINE 
SU BSTANCE AFTER ACID 
PREPARATION | ase | NITRO- AFTER ACID HYDROLYSIS ACETYL aD 


GEN | HYDROLYSIS (CALCULATED 
(CALCULATED | AS N-ACETYL | 
AS GLUCOSE) | GLUCOSAMINE) | 


—_ — — - — -| - 7 — _ — 





| per cent | per cent | percent | per cent per cent | degrees 

Peptone _ polysaccharide 
(from culture filtrates)*..| 1.5 | 7.0 60.0 37.5 9.0 | 0 
Peptone polysaccharide*...| 1.9 | 7.1 | 51.4 32.5 | +16 
Pepsin polysaccharidef....| 0.0 | 6.16 | 70.7 33 .5§ 9.95 +16 
Pancreatin polysaccharidef.| 1.9 | 4.0 | 71.1 22.59 —27 


Our analyses calculated on ash-free and moisture-free basis. 

* Derived from Parke-Davis Peptone. The small amount of uronic acid re- 
ported previously in the polysaccharide as obtained from culture filtrates (Stock, 
1937) was not present in the polysaccharide isolated directly from the peptone. 

t Analysis of Landsteiner and Chase (1936); Fairchild product. 

t From Pfanstiehl product. 

§ Recalculated from amino sugar value. 

§ Type of hexosamine not determined. 


The analysis showed the presence of glucosamine, acetyl, galac- 
tose, and nitrogen. The analytical figures were almost identical 
with those of a polysaccharide from pepsin which had been 
reported by Landsteiner and Chase (1936) (see table 1) and had 
the properties of the blood Group A substance. The agreement 
between the analyses of the two polysaccharides indicated their 
probable identity, and it was suggested, therefore, that the origin 
of the peptone polysaccharide might be pepsin (stomach), because 
the latter is known to be one of the enzymic agents used in the 
manufacture of peptone. 
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STUDIES ON HEMOLYTIC STREPTOCOCCUS 


A pancreatic polysaccharide 


Because pancreatic preparations are also used as enzymic 
agents in peptone manufacture, we studied these as a possible 
source of peptone polysaccharide. We have found that trypsin 
preparations (Pancreatin, U.S.P. or “Trypsin,’’ Pfanstiehl) con- 
tain a polysaccharide that is somewhat different, but that has 
components (nitrogen, galactose, hexosamine) which are common 
to the pepsin and peptone polysaccharides (see table 1). There- 
fore, one must consider the possibility that some peptones con- 
tain a polysaccharide derived from pancreas. 

A considerable number of the commercial peptones tested by 
us contained a polysaccharide, whereas certain other peptones 
did not contain this substance. 

It is a well known fact that certain peptones may support 
streptococcic growth without meat infusion (Ayers and Rupp, 
1922; Rane and Wyman, 1937). Experiments indicate, when 
peptone is used without meat infusion, that only the group of 
peptones containing a polysaccharide have the capacity for 
supporting streptococcic growth. However, the polysaccharide 
may be removed from a quantity of growth-supporting peptone, 
and the residue serves as efficiently for a culture medium per se 
as the unaltered peptone. The polysaccharide, therefore, merely 
differentiates the two different groups of peptones, and is not an 
essential growth factor. 


EXPERIMENTAL METHODS 


Isolation of peptone polysaccharide and toxin from hemolytic 
streptococcus filtrates 


The medium was a | per cent Parke-Davis peptone and beef- 
heart infusion which contained 0.05 per cent glucose and was 
sterilized by autoclaving at 15 pounds (115°C.) for 30 minutes. 
The stock cultures were maintained on blood (human) agar slants. 
The cultures were incubated 24 to 72 hours and were then filtered 
through a 10” by 2” Berkefeld V filter. 

The essentials of the method of isolation, which is a modifica- 
tion of that of Ando, Kurauchi and Nishimura (1930) have been 
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outlined in a preliminary report (Stock, 1937). In brief, it 
consists of evaporation of the filtrate in vacuo at low temperature 
to 0.1 volume, precipitation of the toxin and polysaccharide with 
two volumes of alcohol, solution in water, removal of protein 
(‘nucleoprotein’) by acidification to pH 4.0, neutralization, 
followed by alcoholic reprecipitation, and finally dialysis in a 
Cellophane bag. These polysaccharide fractions had a golden- 
yellow color, to which reference will be made below. 


Isolation of polysaccharide from peptone 


A watery solution of Parke-Davis peptone was made and, with 
slight modifications, the procedures outlined for the isolation of 
the polysaccharide from filtrates was followed. Instead of neu- 
tralizing after acidification, the substance was precipitated directly 
with alcohol. Yield: 200 to 300 mgm. of light brownish powder 
per 10 grams of peptone. Further quantitative experiments 
on 10 gram samples of three other brands of peptone gave the 
following yields: Witte’s peptone siccum, 105 mgm.; Difco’s 
Proteose-peptone, 110 mgm.; Difco’s Neo-peptone, 250 mgm. 
Qualitative chemical tests have indicated the presence of a 
peptone polysaccharide in the following additional peptones: 
Armour’s peptonum siccum, Coleman and Bell’s bacteriological, 
Fairchild Bros. and Foster, Pfanstiehl, Wilson, and Difco’s Bacto- 
tryptose and Bacto-tryptone. 


Peptones that did not contain a polysaccharide 


Qualitative chemical tests have indicated the absence of a 
polysaccharide in single lots of the following peptones: Difco’s 
Bacto-peptone and Bacto-protone, J. T. Baker’s bacteriological, 
and Merck’s “from meat-dried.”’ 

It is to be noted that most of the data on the various peptones 
were obtained from samples of single lots, and that other lots 
from the same manufacturer might give different results. 


Chemical and physical analysis 


The analysis refers to the polysaccharide from Parke-Davis 
peptone. Micro-analyses were made throughout. Due to the 
hygroscopic nature of the substance, all samples were dried 
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individually in small porcelain boats in vacuo in a Pregl block 
at 100°C., and weighed in micro “pigs.’’ Total nitrogen was 
determined by Pregl’s (1930) method using Goebel’s (1932) 
modification of the distillation. The preparations were analyzed 
for ash by burning samples in a micro-mufflefurnace. Acetyl 
was determined by Elek and Harte’s(1936)method. The specific 
optical rotation was observed in a 1 dem. tube in 0.5 to 1 per cent 
aqueous solutions. N-acetyl glucosamine, determined directly by 
Morgan and Elson’s (1934) method gave a value of 13.2 per cent. 
Hydrolysis of the samples was accomplished with N/1 HCl for 
2.5 hours. After neutralization to litmus with N/l NaOH, 
aliquot parts were removed for the determination of glucosamine 
by Elson and Morgan’s (1933) method and total reducing power 
by Hane’s (1929) modification of the Hagedorn-Jensen method. 

Typical crystals of glucosamine HCl were isolated by hydrolysis 
with N/1 HCl for two hours in a boiling water bath, followed by 
evaporation in vacuo, and repeated evaporation with methyl 
alcohol. The crystals were converted into typical needles of the 
anisal derivative (Bergmann and Zervas, 1931), the melting 
point of which was 164 to 165°C. Melting point of known 
samples of the anisal derivative 164 to 166°C.; mixed melting 
point 163°C. 

Crystals of mucic acid were obtained by oxidation of the 
polysaccharide with HNO, according to Van der Haar (1920). 
The melting point of this compound was 209°C., whereas a known 
sample of mucic acid analyzed simultaneously melted at 212°C. 
The mixed melting point was 209°C. 

The outstanding physical properties of the polysaccharide 
were listed in the earlier report (Stock, 1937). 


Growth factors in peptones for the hemolytic streptococcus 
(NY6 strain) 


To each solution of peptone to be tested, additions of 0.5 per 
cent NaCl and 0.05 per cent glucose were made, and the mediums 
sterilized in the autoclave at 115°C. for 30 minutes. Inoculations 
were made with a loop of organisms from a slant culture, and the 
ability to support growth after incubation from 24 to 72 hours 
was observed. One per cent solutions of each of the peptones 
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already listed were adjusted to pH 7.8 and each solution tested 
as just outlined. 

The peptone polysaccharide was shown not to be an essential 
growth factor as follows: To a 10 per cent solution of Parke- 
Davis peptone (or Difco’s Neo-peptone) two volumes of alcohol 
were added, and the precipitate, which contained the polysac- 
charide, was discarded. The alcohol was removed in vacuo 
from the supernatant fluid, the residue dissolved in water, ad- 
justed to pH 7.8, and tested for growth-supporting capacity as 
above. Growth in this medium was as good as before the removal 
of the polysaccharide. 


A polysaccharide in pancreas preparations 


Extracts of pancreas preparations contain a polysaccharide as 
shown by the methods outlined above for peptone polysaccharide. 
Ten gram samples of commercial pancreatin, U. 8. P., (Armour, 
Parke-Davis, Pfanstiehl, and Lilly) yielded 21 to 88 mgm. of 
clear, white polysaccharides. A small amount of yellowish 
polysaccharide was obtained from ‘Trypsin,’ Pfanstiehl. All 
polysaccharides gave strongly positive tests for hexosamine after 
acid hydrolysis. The type of hexosamine present was not de- 
termined. The polysaccharide from Pfanstiehl’s pancreatin on 
oxidation with nitric acid according to Van der Haar (1920) 
gave crystals of mucic acid, which indicated the presence of 
galactose. The polysaccharide gave a negative uronic acid 
test (naphthoresorcinol). 


II. URONIC ACID POLYSACCHARIDE PREPARATIONS 


In our second attempts to isolate erythrogenic toxin, cultures 
were made in peptone-infusion mediums which were free from 
peptone polysaccharide. This type of medium was prepared in 
two ways. Either a peptone which does not contain the poly- 
saccharide (vide supra) was incorporated with beef-heart infusion, 
or the residue of a peptone from which the polysaccharide has 
been removed (vide supra) was added to the meat infusion. 

The hemolytic streptococcus culture filtrates of this medium 
were precipitated with two volumes of alcohol, and the fractions 
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purified essentially as for the isolation of peptone polysaccharide 
and toxin from culture filtrates. The only difference was that 
following the acidification, the fractions were reprecipitated 
without neutralization. 

Now, a different nitrogenous polysaccharide with an average 
yield of 50 mgm. per liter of filtrate was isolated together with 
small amounts of erythrogenic toxin. This substance was oc- 
casionally contaminated by small amounts of glycogen. Fur- 


TABLE 2 
Comparison of uronic acid polysaccharides from various sources 





REDUCING GLUCOSAMINE 
8U BSTANCE AFTER ACID URONIC 
NITRO-| AFTER ACID HYDROLYSIS | ACID) , y 17) aD 
GEN | HYDROLYSIS (CALCULATED ANHY- 
(CALCULATED | AS N-ACETYL | DRIDE 
AS GLUCOSE) GLUCOSAMINE) 


PREPARATION® ASH 


| A per cent per cent sad percent degrees 


te 


cent 
Strain NY5-N1 1.7 6.5 66.0 24.2 28.7; 6.0 | —43 
Strain NY5-Q1 3.8/9.0) 44.7 22.2 + —46 
Strain Dick 2-Q1 6.1 | 6.6 36.2 21.5 + —26 
Strain H1-Q1 7.6\7.3| 33.7 26.8 + —34 
Strain NY5 (Type 10 
“Mucoid”’ polysac- | 
charide)f. . |5.8|3.8/| 82.0 + | 42.6 (11.0) | —86 





Our analyses calculated on ash-free and moisture-free basis. 

* Mediums employed for cultures: for preparation NY5-N1: beef heart in- 
fusion, and Parke-Davis Peptone freed from peptone polysaccharide; all Q-1 
preparations: beef heart infusion and Bacto-peptone (polysaccharide free); 
Kendall et al Type 10 preparation: lean beef infusion and Bacto-peptone. 

t Analysis of Kendall, Heidelberger, and Dawson (1937). Acetyl value from 
Type 5 preparation. 


thermore, at one stage in the alcoholic precipitation, a golden- 
yellow “oil” separated in 2 to 4 ml. quantities. This was 
recognized as the ingredient probably responsible for the above- 
mentioned golden color of the peptone polysaccharide isolated 
from hemolytic streptococcus filtrates. 

This polysaccharide gave a positive biuret test, a strongly 
positive uronic acid test (naphthoresorcinol), a negative direct 
Morgan and Elson test for N-acetyl glucosamine, and a positive 
test for hexosamine after acid hydrolysis. Quantitative analysis 
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of one preparation showed 6.5 per cent nitrogen, 6.0 per cent 
acetyl, 28.7 per cent uronic acid anhydride, and after acid 
hydrolysis, 24.2 per cent hexosamine (calc. as N-acetyl glucos- 
amine) and 66.0 per cent reducing sugar (calc. as glucose). The 
preparations varied in their rotation of the plane of polarized 
light: negative rotations were usually encountered, but when 
glycogen was present, the rotations were to the right. 

For comparison, two other strains of hemolytic streptococci, 
viz., scarlatinal strain Dick 2, and non-scarlatinal fibrinolytic 
strain H-1, were cultured in lots of the same medium. Fractions 
were then isolated as for the preparations of the NY5 strain. No 
yellow “‘oil’’ was noted in the working up of two lots of Dick 2 
filtrate. ‘The chemical analyses of the fractions of the two strains 
were similar to those of the NY5 strain (see table 2). 


Analytical methods 


The preparations were analyzed essentially as for the peptone 
polysaccharide. Because they were hygroscopic, samples were 
dried in vacuo and weighed in micro “‘pigs.’”’ Uronic acid an- 
hydride was determined by the microgravimetric procedure of 
Burkhart, Baur and Link (1934). The yields of substance were 
too small to attempt to identify the type of hexosamine or uronic 
acid. 

Kendall, Heidelberger and Dawson (1937) have isolated and 
analyzed a “serologically inactive polysaccharide” believed to be 
a bacterial fraction of the mucoid phase of the NY5 and other 
strains of streptococci. Comparison of their analyses with those 
of our preparations indicate a basic identity. Kendall et al. 
offer as proof of bacterial origin, their inability to obtain appre- 
ciable amounts of polysaccharide from the culture medium or its 
components (lean beef infusion and Bacto-peptone). Likewise, 
we have been unable to obtain uronic acid polysaccharide from 
medium components. However, a polysaccharide in small 
amounts has been recovered from beef-heart infusion, which 
gave a positive test for hexosamine after acid hydrolysis and 
showed a negative uronic acid test. 

Because the analysis of the uronic acid polysaccharide was 
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strikingly similar to that of Jorpes (1935) for “heparin,”’ various 
preparations were tested for an anti-coagulant action. The 
results obtained by experiments on human blood indicated that 
our products had slight anti-coagulant power. In addition, a 
rapid sedimentation of the red blood cells (irrespective of type) 
occurred prior to clot formation. Slide preparations examined 
with the microscope revealed that a form of agglutination had 
resulted. The anti-coagulant action of the uronic acid poly- 
saccharide from the weakly fibrinolytic strain NY5 and the more 
strongly fibrinolytic strains Dick 2 and our own strain H1, 
suggests that it is the true anticoagulant substance of purified 
fibrinolysin preparations mentioned by Tillett (1938, p. 191) 
in a recent review. 


TABLE 3 
Anti-coagulant and agglutinative action of uronic acid polysaccharide preparations 


AMOUNT SEDIMENTATION TIME CLOTTING TIME 
OF FRACTION . oa 

saatES Strain NY5 (Strain Dick 2 Strain Hl Strain NY5 Strain Dick 2 Strain H1 
mgm. | minutes minutes minutes minutes minutes minutes 
5.0 2.5 2.5 60 120 
2.0 2.5 3 3 18 55 55 
1.0 6 3 50 40 
0.5 14 14 18 23 
0.0 No sedimentation in 6 minutes 6 

Experimental 


Varying amounts of polysaccharide preparations from culture 
filtrates of three strains of organisms were dissolved in 0.5 ml. of 
saline in 8 x 1 cm. tubes. To each, 0.5 ml. of fresh human blood 
was added. The time required for complete sedimentation and 
for coagulation were noted and are recorded in table 3. 


Ill. THE YELLOW OIL 


‘ 


The yellow “‘oil’’ mentioned in the previous section was not 


precipitated from uninoculated broth or its ingredients, or from 
Dick 2 preparations. However, we have no conclusive proof of 
its bacterial origin. 
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One milliliter of ‘‘oil’”’ in 9 ml. of water, in which it was readily 
soluble, rotated the plane of polarized light + 0.05°. The “oil” 
gave a positive Molisch test, a positive biuret, and on standing 
in the icebox, a precipitate formed which redissolved at room 
temperature. These properties have suggested the possibility 
that the substance may be the yellow ‘‘enzyme’”’ of Warburg and 
Christian (1933) which at one stage is described as an oil when 
precipitated by acetone. Lack of facilities have prevented its 
identification. 


IV. SYRUPY PROTEIN PRODUCTS FROM MEDIUM 


In the isolation of the polysaccharide and associated toxin 
detailed in the preceding sections, small volumes of alcohol were 
used as precipitant. If larger volumes of alcohol were added, 
the remainder of the toxin was precipitated together with brown, 
syrupy, protein products, which dried to brownish powders. 
These fractions gave strongly positive biuret reactions. No 
further analyses were made. 

By alcoholic precipitation of a growth-supporting peptone, a 
medium was prepared from which considerable quantities of 
protein syrups were removed. With the completed medium, 
which contained the residue from the alcohol-soluble fraction, 
protein syrups could be precipitated only by the addition of many 
volumes of alcohol. Streptococcic culture filtrates were then 
prepared, and efforts made to isolate toxin free from extraneous 
substances. Surprising results were obtained. Three to five 
volumes of alcohol precipitated no erythrogenic toxin (as well 
as no protein syrups). Toxin was precipitated only when the 
alcohol was raised to such a concentration that protein syrups 
began to precipitate. 


Vv. THE “NUCLEOPROTEIN”’ OF CULTURE FILTRATES 


Ando, Kurauchi, and Nishimura (1930) have reported that 
streptococcus exotoxin fractions isolated from culture filtrates 
contained a “nucleoprotein’’ which could be precipitated and 
separated from the true toxin by acidification to pH 4.0. These 
workers believed that the acid precipitable fraction was bacterial 
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in origin and presented evidence to show that it was responsible 
for false-positive Dick reactions. Such acid-precipitable pro- 
teins were encountered in streptococcic culture filtrates de- 
scribed in Parts I and II. By use of similar methods, we have 
also demonstrated an acid-precipitable protein in uninoculated 
medium and its components, meat infusion and certain peptones. 
Consequently, the absence of acid-precipitable proteins from the 
medium must be assured before assigning a bacterial origin for 
similar substances from streptococcic filtrates. Inasmuch as 
precipitation by acid has been used extensively for the preparation 
of toxins (Eaton, 1938, p. 18), the same precaution applies to 
filtrates of other organisms. 


Experimental 


Concentrates of uninoculated medium or meat infusion were 
precipitated with two volumes of alcohol. On acidification to 
pH 4.0 of the water soluble portion of this precipitate, a protein 
was reprecipitated. Parke-Davis peptone and other poly- 
saccharide-containing peptones examined for the polysaccharide 
gave a heavy precipitate with acid at this stage. It is of interest 
to note that commercial pepsin and pancreatin fractions also 
gave copious precipitates with acid by the same method. 


DISCUSSION 


From the above experiments, it is evident that any investiga- 
tion on the isolation of bacterial products from routine mediums 
may be complicated by the presence of some of the enumerated 
products. For example, we have encountered the peptone 
polysaccharide in preparing purified fibrinolysin from hemolytic 
streptococcic filtrates by the aleohol method of Garner and Til- 
lett (1934). It is probable that other investigators have had 
similar experiences. Goebel (1938) recently isolated the poly- 
saccharide from other brands of peptone, and has described the 
manner in which it interferes with bacteriological and serological 
experiments as far as the pneumococcus is concerned. 

In our experiments, the erythrogenic toxin of the NY5 strain 
of scarlatinal streptococcus was precipitated from the usual 
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culture filtrates only by adsorption on a variety of precipitated 
fractions. Further separation of the toxin from these fractions 
seemed impractical. Therefore, these mediums and methods 
have been abandoned and others developed which are more 
successful for the isolation of a purer erythrogenic toxin (Stock, 
1939). 


SUMMARY 


A group of extraneous products encountered in preliminary 
experiments aimed at isolation of erythrogenic toxin from strep- 
tococcic culture filtrates is presented. These are, namely, a 
peptone polysaccharide, a uronic acid polysaccharide, a yellow 
“oil,” syrupy protein products from medium, and an acid- 
precipitable protein. 

The polysaccharide derived from peptone is described, its 
analysis given, and its possible origin suggested as pepsin or 
trypsin preparations. In this connection a polysaccharide from 
pancreas is described. The peptone polysaccharide character- 
izes those peptones able to sustain streptococcie growth without 
added meat infusion, but it is not an essential growth factor. 

Uronie acid polysaccharides obtained from _ streptococcic 
filtrates of several strains of organisms are described, compositions 
given, and their anticoagulant property and agglutinative action 
on red blood cells shown. The similarity of these preparations to 
serologically inactive ‘‘mucoid”’ polysaccharides of Kendall, 
Heidelberger, and Dawson is pointed out. 

A yellow “‘oil’’ that was also precipitated from the filtrates is 
described. 

Syrupy protein products were precipitated from culture me- 
diums and from streptococcic filtrates by the addition of several 
volumes of alcohol. A peptone medium largely free of protein 
syrups is described. 

An acid precipitable protein has been isolated from uninocu- 
lated medium. This substance should not be overlooked in 
evaluating the presence of so-called “‘nucleoprotein”’ in bacterial 
filtrates from streptococci and other organisms. 

Erythrogenic toxin was associated with sonic of these sub- 
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stances when precipitated from culture filtrates. Toxin was 
isolated from the filtrates only when these fractions were present 


to act as adsorbent agents during precipitation by alcohol. 
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Official Circular 198 (Ruehle and Brewer, 1931) gives directions 
for performing the agar cup-plate test. However, in the limited 
literature dealing with the subject, no mention is made of the 
influence of varying the volume of agar, the amount of inoculum, 
the hydrogen ion concentration or other factors. In the course 
of other studies with the agar cup-plate method (Rose and Miller, 
1939; Miller and Rose, 1939) it was learned that a slight modifica- 
tion in procedure caused a considerable difference in the experi- 
mental results. It therefore became necessary to study the influ- 
ence of variations in technique in greater detail. The object 
was to standardize the method so that more constant data could 
be obtained. The present communication deals with this study. 


TECHNIQUE 

A simple device is used to remove the disc of agar from the 
medium. This instrument! consists of a thin-walled stainless 
steel cylindrical chamber measuring 2.5 cm. in length and having 
a diameter of 1.5 cm.; the cutting edge is bevelled on the inside. 
A capillary metal tube, about 10 cm. long, is attached to the 
bottom of the cylindrical chamber. The chamber is sterilized 
by dipping in alcohol and flaming. Placing the open end of the 
chamber on the surface of a poured agar plate, the disc is cut 
easily with slight pressure. A finger is then placed over the tip 

1 Made by Mr. Charles Simpson, Laboratories of the Philadelphia General 
Hospital. 
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of the capillary tube, as in pipetting; the disc of agar is gently 
pulled slightly to one side and removed. With practice, no cracks 
are made in the walls of the cup. 

The ordinary inoculating loop is not entirely satisfactory for 
removing small pieces of agar for subculture. A micro-spoon? 
is convenient for such purposes. The spoon is formed at the 
end of a piece of 10 per cent iridium-platinum No. 19 B. & §. 
gauge wire, 4 cm. long; it measures 2 mm. in diameter and has 
a shallow concavity approximately 0.75 mm. deep. The handle 
is mounted on a standard needle holder. About 30 seconds are 
required to cool the micro-spoon after sterilization in an open 
flame. 

When it is necessary to determine whether the zone of inhibi- 
tion of bacterial growth is bactericidal or bacteriostatic, a small 
piece of agar is removed with the micro-spoon, transferred to 
10 ml. of broth, and incubated at 37°C. Readings are made at 
the end of 48 hours. Growth in a subculture tube indicates 
inhibitory rather than germicidal action of the antiseptic. 

The antiseptics used in this study were limited to a single mem- 
ber of each of three groups. Carbolic acid was chosen for the 
phenol group because it has long been used as a standard. The 
dilution of 1:20 was employed because this was the weakest dilu- 
tion which produced a zone free of bacterial growth of approxi- 
mately 3 mm.; this size was found to be a convenient minimal 
one for accurate measurement. Mercury bichloride and crystal 
violet,? each in 1:1,000 dilution, were taken as representatives 
of the heavy metals and antiseptic dyes respectively. In one 
instance, neutral acriflavine* was added, to illustrate further the 
effect of the hydrogen ion concentration of the medium on the 
size of the zone. All hydrogen-ion-concentration determinations 
were made colorimetrically. 

Except where experimental conditions required a change in pro- 
cedure, the following technique wasemployed. Beef extract agar 
(Ruehle and Brewer, 1931) was kept melted at 48°C. in a con- 

? Made by J. Bishop and Company, Platinum Works, Malvern, Penna 


* Supplied through the courtesy of National Aniline and Chemical Company, 
New York, N. Y. 
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stant temperature incubator. Each 30 ml. amount of 1.5 per 
cent extract agar at pH 6.8 was inoculated with 0.1 ml. of an 
18-hour growth of the organism being studied. The cultures were 
standardized to a density of 1 billion organisms per milliliter 
with a barium sulphate nephelometer. Unless otherwise speci- 
fied, our WP3 strain of Staphylococcus aureus was employed. As 
soon as the bacteria were added, the container was rotated to 
insure uniform distribution of organisms. Approximately 30 ml. 
amounts were poured into standard 100 x 15 mm. petri dish 
bottoms. The dishes were covered with Coors porcelain lids 
glazed on the outside. The porcelain lids absorbed water of con- 
densation and prevented the deposition of moisture on the test 
medium. When the agar solidified, one disc of agar was usually 
cut from each plate. At times it was desirable for comparative 
purposes to cut three or four agar cups in a single dish. The 
standard volume of antiseptic employed was 0.2 ml. of a given 
dilution. The agar cup-plates were incubated in an upright posi- 
tion at 37°C. for 24 hours and readings were then made. All tests 
were performed in duplicate. 


EXPERIMENTAL 


Experiment 1. The amount of agar that has been recom- 
mended (Ruehle and Brewer, 1931) for the agar cup-plate test 
is 15 to 20 ml. However, when pouring plates, it is rather diffi- 
cult to gauge the precise amount delivered. Furthermore, it was 
soon learned that a deep cup minimized the danger of spilling 
the antiseptic over the surface of the medium. As no data on 
the relationship of medium thickness to zone size was available, 
the question was answered as follows: A known quantity (usually 
180 ml.) of 1.5 per cent agar was inoculated with 0.1 ml. of 
Staphylococcus aureus culture for each 30 ml. of medium. Vary- 
ing quantities of agar from this one batch were pipetted into petri 
dishes and 0.2 ml. amounts of each antiseptic were placed in the 
cups. Uniform results were obtained when the agar volume was 
25 to 35 ml. (table 1). We chose the 30 ml. amount as this pro- 
duced a well of satisfactory depth. 

Experiment 2. The sensitivity of the agar cup-plate method 
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TABLE 1 


Influence of thickness of medium on zone size 


Phenol (1:20) 


Mercury bichloride (1:1000).... 





Crystal violet (1:1000) 











TABLE 2 


Variation in the number of organisms 





Phenol (1:20) 


Mercury bichloride (1:1000) 








Crystal violet (1:1000) 
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to various numbers of bacteria was determined. An 18-hour 
growth of Staphylococcus aureus was standardized to one billion 
organisms per milliliter and amounts from 0.1 to 1 ml. were 
employed in the tests. It is evident that slight variations in the 
number of organisms (table 2) do not produce striking differences 
in the zone of inhibition of growth. One-tenth of a milliliter of a 
suspension of one billion organisms per milliliter usually yielded 


TABLE 3 
Varying the amount of antiseptic 





VOLUME 


Phenol (1:20) 


Mercury bichloride (1:1000)... palace . 12 
12 


- 


12 


7 

§& 

Crystal violet (1:1000) rey J 8+ 
S 

8+ 





a readily discernible line of demarcation between the zone of 
inhibition and the growth of bacteria. This amount of culture 
was taken as a standard in all subsequent studies. 

Experiment 3. In order to test the influence of the amount of 
antiseptic on zone size, different amounts of a constant dilution 
of each antiseptic were placed in agar cups. The use of a gradu- 
ated 1 ml. pipette gave more uniform results than the advocated 
“six drops.”” Although a drop more or less of antiseptic ordinarily 
does not cause marked changes in the results (table 3) it appears 
desirable to use a constant volume of a given dilution of anti- 
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septic in comparative studies. It was found that 0.2 ml. amounts 
were satisfactory. 

Experiment 4. Different agar concentrations may yield vary- 
ing results with some antiseptics (table 4). This difficulty may 
be obviated by using 1.5 per cent agar routinely. Our stock 
agar was usually prepared in a 3 per cent concentration. This 
was done in order to permit dilution up to 50 per cent with blood 
or serum. If an amount of protein solution less than 50 per cent 
were needed, saline or a saline-protein mixture was added to bring 
the agar dilution to 1.5 per cent. In another experiment with 


TABLE 4 


Effect of varying agar concentration 


ANTISEPTIC | AGAR 


per cent 
(| 3.0 
Phenol (1:20) 2.0 


Mercury bichloride (1:1000) 


Crystal violet (1:1000) 


Staphylococcus aureus, it was found that a 50 per cent dilution of 
3 per cent agar with saline gave zones identical in size with those 
obtained when an original 1.5 per cent agar was used. 

Experiment 5. Although a difference in medium does not cause 
a marked change with phenol and crystal violet, the zone size 
with mercury bichloride is practically 50 per cent larger in extract 
agar than in beef infusion agar (table 5). This difference in 
results is probably attributable to the different amounts of protein 
in the media. 

Experiment 6. To check the results obtained in Experiment 5, 
horse serum was added to extract agar to yield a 10 per cent serum 
concentration. Material from the same batch of plain extract 
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agar was used as a control. The comparative zones are shown in 
table 6; the effect of added protein is obvious. 
Experiment 7. The size of the zones produced by phenol and 


\ 


crystal violet remained unchanged at three pH levels (table 7). 


TABLE 5 
Comparison of infusion with extract agar 
| 


ANTISEPTIC 
Extract agar Infusion agar 


mm. mm 
Phenol (1:20) 3+ 
Mercury bichloride (1:1000) ll 
Crystal violet (1:1000) s 
TABLE 6 


Influence of added serum 


ANTISEPTIC 
Plain agar > serum agar 


mm. mm. 


Phenol (1:20) 3+ 2+ 
Mercury bichloride (1:1000) 11+ 6 


re 


Crystal violet (1:1000) 8 5+ 


TABLE 7 
Hydrogen ion concentration of the medium 
ZONE 


ANTISEPTIC 
pH 6.0 pH 7.0 


mm. mm. 
Phenol (1:20) 3+ 3+ 
Mercury bichloride (1:1000) 14 ll 
Crystal violet (1:1000). y 9 


Acriflavine (1:1000) 4 5 


On the other hand, with increasing alkalinity, the mercury com- 
pound showed a decrease in zone size while the dye, neutral acri- 
flavine, revealed a definite increase in potency. This experiment 
emphasizes the importance of controlling and designating the 
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hydrogen-ion concentration of the medium in the agar cup-plate 
method. 

Experiment 8. A virulent culture of Staphylococcus aureus 
(strain WP3) was selected for our tests. This organism grows 
homogeneously in broth and has a more golden color than the 
official F.D.A. strain but conforms with the F.D.A. requirements 
for the phenol coefficient test. The two strains gave the same 
size zone with the three antiseptics employed, (table 8) while 














TABLE 8 
Influence of bacterial strain 
ANTISEPTIC STAPH. AUREUS | ZONE 
Bi aries arte ~ segs 
{ F.D.A. 3+ 
| WP3 3+ 
Phenol (1:20) oa Smith 4 
| HB-40 4 
Ww 4+ 
( F.D.A. | 11 
WP3 ll 
Mercury bichloride (1:1000) {| Smith 10 
||  HB-40 | 12 
| ow | 124 
( F.D.A. | 8 
|| WP3 8 
Crystal violet (1:1000) | Smith 7+ 
1 HB-40 7+ 
Be | 8 


other strains tested failed to give uniformly comparable zones of 
inhibition of growth. Obviously, it is important to use the official 
strain of Staphylococcus aureus or one that has been shown by 
actual test to have the same phenol resistance. 

Experiment 9. Eight different bacteria, studied under identical 
experimental conditions, yielded a wide variety of zone size 
(table 9). It is clear that the test organism must be designated 
when comparative studies are made with the agar cup-plate 
method. 


ieee BS REE Leathe & 
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Experiment 10. The official phenol coefficient test requires the 
daily transfer of a standard loopful of culture into 10 ml. of broth 
for five consecutive days before doing the test. The question 
arose whether a similar technique was necessary for the agar cup- 
plate method. Accordingly, the WP3 Staphylococcus aureus was 
subcultured daily for five days in broth. The first subculture 


TABLE 9 


Data obtained with various organisms 


ZONE 
Me Phenot | Mercury | Crystal violet 
sesaaes (1:1000) 

: } mm, mm. mm. 
Staph. albus 1+ 6+ 7 
Staph. aureus (WP3) 3 7 7 
Strep. hemolyticus 7 7+ 5 
Pneumococcus (Type 1) 9 7 7 
B. diphtheriae 8 | 4+ s 

B. subtilis 3+ s 6+ 

B. typhosus 3 4 1+ 
B. coli 3+ 3+ l 

Beef infusion agar, pH 7.6, was used for all media in this experiment 
TABLE 10 
Daily transfers versus 18-hour growths 
ZONE 
ANTISEPTIC 7 
5-day transfer | 18-hour growth 

mm. mm, 
Phenol (1:20) 3+ 3+ 
Mercury bichloride (1:1000) 11+ 11+ 
Crystal violet (1:1000) 8+ 8+ 


was from our stock culture kept on an extract agar slant at room 
temperature and subcultured to agar at least once a month. The 
same organism was transferred from the stock culture to 25 ml. 
of broth and grown for 18 hours. The results of the tests with 
the two cultures are shown in table 10. The 18-hour growth, 
adjusted nephelometrically before using, yielded zones similar 
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in size to those produced by a Staphylococcus aureus culture which 
had been subcultured daily for five days. 

Experiment 11. A parallel series of agar cup-plates was studied 
at three temperature levels: 37°C., 34°C., and 24.5°C. A varia- 
tion in temperature causes a difference in the results obtained 
(table 11). A temperature of 37°C. was selected as a convenient 
standard for our tests. 

Experiment 12. Under ordinary working conditions, bacteria 
are added to the agar, plates are poured, agar cooled, cups cut, 
an antiseptic added at once, and the preparation incubated at 


TABLE 11 
Influence of temperature of incubation 














ANTISEPTIC TEMPERATURE | ZONE 
— ~~. | C. pias” Tease 

(| 37 3 

Phenol (1:20) 34 3+ 

| 24.5 | 4+ 
( 37 11 
Mercury bichloride (1:1000) | 34 11 
24.5 | 15 
(| 37 | 8 

Crystal violet (1:1000)................... 34 s+ 
| 245 | 9 


37°C. However, when many antiseptics are being tested simul- 
taneously, a moderate interval of time may elapse between the 
pouring of the seeded agar and the addition of the antiseptic. 
Although this experiment shows that a lapse of five hours at room 
(24.5°C.) or refrigerator (14.5°C.) temperature has no obvious 
influence on the results (table 12), it is probably desirable to have 
the test plates ready for incubation within an hour after seeding. 

On the basis of the data obtained in this study with three types 
of antiseptics, the following technique is suggested for the agar 
cup-plate method: 

1. Use a “standard” organism. If Staphylococcus aureus is the 
test organism, use either the F.D.A. strain or one known to 
possess the same resistance to phenol. 
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2. Grow the bacteria for 18 to 24 hours in broth and standardize 
the suspension to one billion organisms per milliliter. 

3. Extract agar, pH 6.8, may be employed. Some bacteria 
require the use of beef infusion agar, pH 7.4. Both types of 
medium are satisfactory, but the medium as well as the pH must 
be designated. 

4. The final agar concentration should be 1.5 per cent. A 3 per 
cent agar, diluted to 1.5 per cent agar with saline, is satisfactory. 
Such an agar can also be reduced in concentration with protein 
(serum, blood) or protein-saline mixtures. In this manner pro- 
tein-agar mixtures containing up to 50 per cent protein solution 
may be conveniently made for special studies. 


TABLE 12 


Time and temperature factors before addition of antiseptic 


LAPSE OF TIME BEFORE ADDING ANTISEPTIC 


ANTISEPTI( 
0 hour 5 hours, 24.5°C.| 5 hours, 14.5°C 
Phenol (1:20) 3+ 3+ 3+ 
Mercury bichloride (1:1000) 11+ 12 11 


Crystal violet (1:1000) s 8 ~ 


5. Seed the agar medium on the basis of 0.1 ml. of the standard 
suspension of organisms for each 30 ml. volume of medium. The 
temperature of the agar should be about 48°C., that is, the tem- 
perature ordinarily used in making blood agar medium. 

6. Pour approximately 30 ml. of seeded agar medium into a 
standard 100 x 15 mm. petri dish bottom. Cover the petri dish 
with a Coors porcelain lid glazed on the outside. 

7. After the agar solidifies, remove a disc of agar measuring 
1.5 cm. in diameter. In some instances it is feasible and desirable 
to prepare three or more cups from a single plate. 

8. Prepare appropriate dilutions of the antiseptic. Using a 
graduated 1 ml. pipette, place 0.2 ml. of a given dilution in 
each cup. 

9. The antiseptic should be added and the plates should be 
ready for incubation within one hour from the time the bacteria 
are added to the agar medium. 
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10. Incubate test plates upright at 37°C. for 24 hours and then 
measure the width of the zone of inhibition of bacterial growth 
with a transparent ruler. The use of a hand lens in measuring 
the zones is an aid in obtaining accurate results. 

Experiment 13. The technical procedure outlined above was 
checked as follows: Fresh solutions of the three antiseptics used 


TABLE 13 
Consistency of results obtained with the agar cup-plate method 





ZONE 





| i | 10% horse serum agar 





| Phenol (1:20) 
6/12 

6/15 
6/16 
6/17 
6/18 
6/19 


6/11 Mercury bichloride 
6/12 | (1:1000) 

6/15 
6/16 
6/17 
6/18 
6/19 








6/11 Crystal violet 
6/12 | (11000) 

6/15 

6/16 

6/17 

6/18 
6/19 | 





in this study were prepared. The WP3 strain of Staphylococcus 
aureus was employed. Tests were then performed in duplicate 
using plain extract agar and extract agar containing 10 per cent 
horse serum. The same technique was followed on six other 
days and the readings obtained each day were recorded in table 13. 
An examination of this table shows that comparatively consistent 
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results can be obtained when all the technical requirements of 
the test are observed. 

Other studies pertaining to the agar cup-plate method will be 
reported in separate communications (Rose and Miller, 1939; 
Miller and Rose, 1939). 


CONCLUSIONS 


A study was made of the agar cup-plate method of testing 
antiseptics. It was found that various factors may influence the 
results. Consequently, a standardized technique was developed. 
This technique is comparatively simple and yields consistent 
results with three representative antiseptics: phenol, mercury 
bichloride, and crystal violet. 


Miter, Ruts E., anv Rosz, 8. Branpt. 1939 Studies with the agar cup-plate 
method. III. The influence of agar on mercury antiseptics. J. Bact., 
38, 539-547. 

Miter, Rors E., anp Rose, 8. Branpt. 1939 Studies with the agar cup-plate 
method. IV. A correlation of agar cup-plate data with antiseptic 
dilution data. Am. J. Clin. Path., In Press. 

Rose, 8S. Branpt, AND MILLER, Rutw E. 1939 Studies with the agar cup-plate 
methods. II. The effect of blood on mercury antiseptics. Am. J. 
Med. Sci., In Press. 

Rvuesze, G. L. A., aND Brewer, C. M. 1931 United States Food and Drug 
Administration Methods of Testing Antiseptics and Disinfectants. 
U. 8. Department of Agriculture, Circular 198. 
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STUDIES WITH THE AGAR CUP-PLATE METHOD 
Ill. Tue INFLUENCE OF AGAR ON MERCURY ANTISEPTICS 


RUTH E. MILLER anv 8S. BRANDT ROSE 
Department of Bacteriology, Woman’s Medical College, Philadelphia, and the 
Division of Bacteriology, Philadelphia General Hospital 


Received for publication April 28, 1939 


Using a standardized agar cup-plate technique (Rose and 
Miller 1939a), it was found that mercury antiseptics showed a 
progressive loss of activity as the blood content of the agar 
medium was increased (Rose and Miller, 1939b). The question 
arose whether the agar had inactivated a given amount of the 
antiseptic; this phenomenon could have been masked by the 
more pronounced activity of the blood. In order to answer 
this question, experiments were performed in which extract agar, 
blood, bacteria, and antiseptic were mixed in definite proportions. 
Duplicate experiments were then made in which extract broth 
was substituted for the agar medium. It was clear that if the 
blood-broth and blood-agar mixtures showed the same anti- 
bacterial properties for a given amount of antiseptic, the loss of 
antiseptic potency could not be attributed to the mere presence 
of agar in the medium, but would be related solely to the variable 
blood concentration. 


TECHNIQUE 


A 3 per cent beef-extract agar, pH 6.8, was used. After dilu- 
tion with blood, blood-saline mixtures, and antiseptic solutions, 
the final agar concentration was 1.5 per cent. Defibrinated 
horse blood! was added so that final concentrations of 1, 5, 10, 
25, and 50 per cent blood were obtained. An 18-hour broth 
culture of Staphylococcus aureus (WP3 strain) was seeded in the 


1 Supplied through the courtesy of Sharp and Dohme, Glenolden. 
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blood-antiseptic mixtures in the proportion of 0.1 ml. for each 
30 ml. of medium. Aqueous solutions of merthiolate,? meta- 
phen, mercurochrome, and mercury bichloride were prepared to 
yield final concentrations varying from 1:1,000 to 1:1,000,000, 
when diluted by the medium. Then, 0.5 ml. amounts of the 
antiseptic dilutions were distributed into a series of test tubes. 
Two milliliters of the seeded blood-agar mixtures were added to 
the prepared 0.5 ml. amounts of antiseptic. The tubes were 
rotated vigorously to insure uniform dispersion of the ingre- 
dients before solidification occurred. After incubation for 24 
hours, small pieces of the various seeded antiseptic mixtures were 
removed with a platinum microspoon (Rose and Miller, 1939a) 
and transferred to 10 ml. amounts of broth (Ruehle and Brewer, 
1931). Subcultures into a second tube of broth were made when 
the antiseptic concentration appeared to be high enough to 
exert bacteriostatic effects. The subculture tubes were incubated 
at 37°C. for 48 hours and then examined for growth. 

The procedure outlined above was repeated with the exception 
that beef-extract broth, pH 6.8 (same formula as used for sub- 
culture tubes), was substituted for the agar medium. The 
blood cells in these mixtures settled to the bottom of the tubes 
during incubation. However, the tubes were shaken thoroughly 
before subcultures were made to determine the bactericidal level. 
A standard 4 mm. platinum loop was used for subculturing. 
The highest dilution of antiseptic which killed Staphylococcus 
aureus (indicated by no growth in the subculture tube) in each 
blood concentration was taken as the end point. 

Graphs were made by plotting logarithmically the weakest 
antiseptic dilution which killed (ordinate) against the correspond- 
ing blood concentration (abscissa). Metaphen and mercury 
bichloride yielded practically identical results in the blood-broth 
and blood-agar tests (figures 1 and 2). The data for merthiolate 
and mercurochrome are shown in figures 3 and 4. 

The results of these experiments show that agar exerts no 
obvious inhibiting effect on mercurial antiseptics. Furthermore, 


? Supplied through the courtesy of Eli Lilly Co., Indianapolis, Indiana. 
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the graphs reveal the limits of activity of the various antiseptic 
dilutions in relation to the blood concentration. For example, 
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metaphen is bactericidal in a 1 to 10,000 dilution when the blood 
concentration is 5 per cent or less. At the same antiseptic dilu- 
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tion, growth occurred whenever the blood content of the medium giv 
was above the 5 per cent level. These observations indicate that test 
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Figs. 2, 3 and 4 show comparable data obtained with three other mercurials. 
as the amount of blood increases, the quantity of mercury anti- 


septic needed to kill Staphylococcus aureus becomes greater. 
It follows that a statement concerning the antiseptic potency of a 
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given mercurial may be meaningless unless the blood content of the 
test medium is designated. Such a conclusion is, in general, in 
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harmony with other reports (Simmons, 1928; Birkhaug, 1930; 
Smith, Czarnetzky and Mudd, 1936; Rose and Miller, 1939b 


and others). 
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The experimental data* shown in figures 1 to 4 are satisfied 
by the formula y = Kz* (Power Law) for blood values from 1 
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to 50 per cent. (y, antiseptic dilution; z, blood concentration at 
which dilution y is bactericidal; K and n, constants for each 
antiseptic). 


* We are indebted to Mr. Charles Robb for his invaluable assistance in the 
mathematical treatment of the data. 
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The usefulness of the formula may be illustrated in the case 
of mercury bichloride as follows: The value of n when calculated 
at x = 25, y = 2,000 and z = 5, y = 10,000 is —1. Hence, 

y = Kz' = x (1) 
zt 

Solving for K when xz = 5 and y = 10,000, yields K = 50,000. 
Hence, 


_ 50,000 
z 


(2) 

Let us assume that we wish to determine the maximum per 
cent blood that can be used effectively with a 1:20,000 dilution 
of mercury bichloride. Substituting for y in (2) 


20,000 = — 
z 


therefore x = 2.5 per cent blood. 

Such a solution would be in accord with our experimental data 
as*shown in figure 2. 

The method used to compare the relative efficiency of the 
mercurials on the basis of their mercury content may be illustrated 
as follows: mercury bichloride was effective against Staphylococcus 
aureus in a 1:1,000 dilution up to the 50 per cent blood level. 
Inasmuch as this compound contained 73.8 per cent mercury, 2.5 
ml. of the 1:1,000 dilution contained 1.8 mgm. of mercury. In 
a similar way, the mercury content‘ of the four antiseptics was 
calculated for each dilution which was bactericidal in the presence 
of the maximum amount of blood. The results were then plotted 
logarithmically as shown in figure 5. 

It is interesting to compare the four mercurials at a given 
mercury level. For example, when 1 mgm. of mercury was pres- 
ent, merthiolate was active when the medium contained up to 
63 per cent blood, metaphen up to 35 per cent blood, mercury 


* Calculations were based on the following data: Merthiolate 48.8 per cent Hg 
mercury bichloride 73.8 per cent Hg; metaphen 57 per cent Hg; and mercuro- 
chrome 26 per cent Hg. 
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bichloride up to 27 per cent blood and mercurochrome up to 8 
per cent blood. Although all of the mercurials are inactivated by 
blood according to the same general pattern, it is obvious that the 
antibacterial properties of these substances are not related directly 
to the amount of mercury in the compound. 
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SUMMARY AND CONCLUSIONS 


Metaphen, merthiolate, mercury bichloride, and mercuro- 
chrome were tested for antiseptic activity at various dilutions in 
broth and agar in the presence of varying amounts of blood. 
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The test organism was Staphylococcus aureus (WP3 strain). 
Under the conditions of our experiments, the following conclu- 
sions appear to be warranted: 

1. Agar exerts little or no effect on the antiseptic properties of 
mercury compounds. 

2. The effectiveness of the mercury compounds varies with the 
dilution of the antiseptic and the blood content of the medium 
according to the general formula, y = Kz". 

3. At certain critical blood and antiseptic levels the compounds 
studied have no antiseptic properties. 

4. The antiseptic potency is not directly related to the mercury 


content of the compound. 
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In a recent study of the effect of sulfanilamide upon beta- 
hemolytic streptococci in peptone broth (White and Parker, 
1938), it was reported that bactericidal action could be demon- 
strated, with 20 mgm. per cent drug concentration, when incu- 
bation was carried out at 39°C. or higher. Attempts to obtain 
a similar bactericidal effect with incubation at 37°C. were un- 
successful. This work was preliminary in nature, lacked highly 
accurate temperature control, and, for the most part, consisted 
of tests with a single inoculum of bacteria against a single drug 
concentration. 

In view of the possibility that temperature might be a deter- 
mining factor in the action of sulfonamide-type drugs, it became 
desirable to carry out more extensive in vitro tests under condi- 
tions of precise temperature control. 

The present report deals with data bearing on quantitative 
relationships between drug and bacteria, in terms of bactericidal 
action, at various temperatures between 30° and 39°C. 


METHODS 


A uniform test procedure, devised for measuring the anti- 
bacterial activity of water-soluble compounds in vitro, was used 
throughout the present study. 


1 This investigation has been aided by a grant from The John and Mary R. 
Markle Foundation. 
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Culture 


Strain C 203? was selected as our standard test culture. This 
strain is a member of the serological group A (Lancefield), type 
1 (Griffith). Daily passage through our test medium at 37°C. 
was maintained for several months. Test cultures, when re- 
quired, were prepared by transfer of 1.0 ml. of an 18-hour broth 
culture into 9.0 ml. of sterile broth with incubation for 6 to 8 
hours at 37°C. After several passages in plain broth the culture 
possessed little or no mouse virulence: mice survived 0.5 ml. of a 
1: 1000 dilution of the 136th broth passage administered intraperi- 
toneally. The culture from which plain broth passage originated 
had the high degree of mouse virulence characteristic of this 
strain. 


Medium 


Peptone-glucose broth (PD), described in our previous report, 
has been our standard test medium. This medium is essentially 
a 2.1 per cent solution of peptones plus 0.1 per cent glucose 
buffered at a pH of approximately 7.6. Plain PD was used for 
making test mixtures. Blood broth, made by adding a drop of 
defibrinated rabbit blood to 9 ml. quantities of plain broth, was 
used for subculturing test mixtures. 


Drug concentrations 


Sulfanilamide was weighed into plain broth, dissolved by 
heating to 100°C., and diluted with similar broth so that the 
final concentrations of drug, in each test series, consisted of mul- 
tiples by 0.1 of each member of the arithmetic progression 
1000, 800, 600, 400, 200 mgm. per cent down to 0.1, 0.08, 0.06, 
0.04, 0.02 mgm. per cent. Thus, a full test series was made up 
of drug dilutions ranging from 1:100 to 1:5,000,000. 5.0 ml. 
amounts of each drug dilution were placed in tubes (150 x 16 
mm.) which were then plugged with cotton and sterilized by 
autoclaving at 110°C. for 10 minutes. Drug solutions were 
allowed to stand over night before inoculation with test culture. 
Test solutions of sulfapyridine were made in a similar manner, 


? We wish to thank Dr. Perrin H. Long for his courtesy in supplying this strain. 
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beginning with a concentration of 100 mgm. per cent. Auto- 
claving apparently had no effect upon the activity of the drugs. 


Test mixtures 


Our test culture was diluted with broth out to 10~*, in multiples 
of 10, to provide six different sizes of test inoculum. For each 
temperature, six series of the tubes containing decreasing con- 
centrations of drug were inoculated, one series for each culture 
dilution. The volume of inoculum, in each case was 0.2 ml. 
which brought the total volume of the test mixtures up to 5.2 
ml. The range covered by the drug concentrations in each 
series was such that both inhibitory and bactericidal end-points 
were obtained, providing that such points fell within the limits 
mentioned above. Plain broth tubes, seeded with each different 
size of inoculum, served as controls and were incubated at each 
temperature. The initial concentration of bacteria obtained 
with each size of inoculum was determined by averaging several 
blood-agar pour plate counts. 


Incubation of test mixtures 


Incubation of all drug-bacteria mixtures was carried out for 
48 hours in water baths* with thermoregulator control to +0.005 
of a degree Centigrade (Bratton, 1939). 


Inhibitory and bactericidal end-points 


Inhibition, in each test series, was recorded at the 24th and 
48th hour of incubation. Turbid growth, in the control tubes 
and in the tubes at the lower end of the range of drug concentra- 
tions, coupled with no growth in the tubes at the upper end of the 
range, provided a sharp inhibitory end-point which was expressed 
as the smallest concentration of drug preventing growth. The 
bactericidal end-point, at 48 hours, was determined by sub- 
culturing 1.0 ml. from test mixture tubes, on both sides of the 
48-hour inhibitory end-point, into 9.0 ml. of blood broth with 
incubation at 36°C. for 72 hours. One or two tubes in a series 


* We are greatly indebted to Dr. A. C. Bratton of this department for the design 
and construction of these baths. 
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usually showed inhibition at 48 hours yet yielded positive sub- 
cultures. Thus, the bactericidal end-point for each series was 
generally somewhat higher than the inhibitory end-point. Anti- 
bacterial activity, on the part of each compound, was expressed 
in terms of the minimal bactericidal concentration in milligrams 
per cent. We have continued to use the term bactericidal action 
in its strict sense of sterilization, according to criteria previously 
described (White and Parker, 1938). 


RESULTS 


The procedure described above has been used in this labora- 
tory, during the past year, in several hundred measurements of 
antibacterial activity. Each test consisted of titration of a 
compound against a single size of bacterial inoculum at a single 
incubation temperature. Groups of 12 tests were usually run 
simultaneously, 6 at each of two different temperatures. The 
six sizes of inoculum, tested at each temperature, were obtained 
by diluting the test culture out to 10-*. After inoculating a 
series of drug concentrations and 5 plain broth control tubes 
with 0.2 ml. of each culture dilution, suitable dilutions of 1.0 
ml. from 3 control tubes were plated, in duplicate, to obtain an 
estimate of the initial bacterial concentration in the test mix- 
tures. Plate counts, made in this manner, for each group of 
tests, showed that the average initial concentration of strain C 
203 was approximately 50 per ml. in test mixtures which had been 
inoculated from the 10-* culture dilution. 


SULFANILAMIDE 
Titration of activity 

Sulfanilamide was titrated to determine its bactericidal activity 
against each of 6 different sizes of inoculum at 9 different incuba- 
tion temperatures between 30° and 39.25°C. The total number 
of titrations made with this drug was 223: 6 at 30°C.; 6 at 33°C.; 
6 at 34°C.; 21 at 35°C.; 12 at 36°C.; 51 at 37°C.; 49 at 38°C.; 
57 at 39°C.; 15 at 39.25°C. 

Results of measuring the activity of sulfanilamide, with 54 
combinations of inoculum size and temperature, are listed in 
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table 1. 18 of the 54 titrations, including those carried out 
at 30, 33 and 34°C., in which little or no bactericidal activity 
was demonstrable, were established by a single test. Bacteri- 
cidal end-points for the remaining 36 combinations of temperature 
and inoculum size have been based upon more than one test, 
ranging from 2 to 10 repetitions. For these 36 combinations, 
where two or more titrations were made, the average bactericidal 
end-point is given, with only the first digit considered significant, 
because of the wide intervals between adjacent drug concentra- 
tions in any test series. 


TABLE 1 


The bactericidal activity of sulfanilamide against strain C 203 at incubation 
temperatures between 30 and 39.25 degrees Centigrade 


INITIAL MINIMAL BACTERICIDAL CONCENTRATION OF SULFANILAMIDE IN MGM. PER CENT 

BACTERIAL 
CONCEN- 

TRATION 30 C. 33 C. 4C. 35 C. 36 C. 37C. | 38 C. 39 « 39.25 ¢ 

5,000,000 >1000 (1) >1000 (1) >1000 (1) >1000 (3 >1000 (2) 900(8) 700 (9) 400 (9 200 (3 

500,000 >1000 (1) >1000 (1) >1000 (1) >1000 (3) >1000 (2) 700(8) 400(9) 100 (9 5 (3 

50,000 >1000 (1) >1000 (1) >1000 (1) 900 (3 700 (2) 500 (8) 300(8 6 (9 0.8 (3 

5,000 >1000 (1) >1000 (1) >1000 (1 700 (4) 500 (2) 300(9) 100 (7 3/10) 0.6 (2 

500 =>1000 (1) 800 (1) 800 (1) 600 (4) 500 (2) 200(9) 30°(8 2 (10), 0.08 (2 

50 1000 (1) 600 (1) 600 (1) 600 (4) 300 (2) 100 (9) 8 (8) 0.8 (10) 0.04 (2 


Figures in parentheses indicate the number of determinations upon which each bactericidal end- 
point of sulfanilamide is based. Where two or more determinations are indicated, the minimal bacteri- 
cidal concentration of sulfanilamide is expressed as the average, with only the first digit considered to be 
significant. Initial bacterial concentrations listed above indicate the average number of bacterial unite 
per ml. of test mixture, as determined by plate counts. 


Variations in bactericidal end-points 


In table 2 are listed 57 individual test results for the six com- 
binations of inoculum with 39°C. incubation. These results 
show the variation which one may expect with measurements of 
this nature. Considered as a whole, the variation in results, for 
any combination of temperature and inoculum, was such that 
one could expect the bactericidal end-point to fall within four 
consecutive drug concentrations. For example, in table 1 the 
average end-point for an initial bacterial concentration of 5000 
per ml. at 39°C. is given as 3 mgm. per cent. From table 2, 
it may be seen that the variations in the results, upon which this 
average was based, lie within the limits of the four consecutive 
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drug concentrations: 4, 2, 1, and 0.8 mgm. per cent. In only 7 
of the temperature-inoculum combinations was the variation 
for repeated tests so great as to fall within four consecutive tubes. 
Results of repeated tests for all other combinations varied within 
3 consecutive tubes, or less. 


TABLE 2 


Individual test results: The bactericidal activity of sulfanilamide against strain 
C 208 at 39°C. 


INITIAL BACTERIAL CONCENTRATION PER ML. OF TEST MIXTURE 


NUMBER 
OF TEST 7 ~ 
5,000,000 500,000 50,000 5,000 500 50 
1 400 80 6 4 2 1 
2 400 200 8 4 2 1 
3 400 60 6 4 0.8 0.4 
4 400 200 10 0.8 0.8 0.8 
5 400 200 10 0.8 0.6 0.4 
6 2 2 0.8 
7 2 2 1 
8 400 100 6 4 2 1 
9 400 80 4 4 1 0.8 
10 200 60 4 2 2 1 
11 400 60 4 


Figures in table above indicate minimal bactericidal concentrations of sul- 
fanilamide in milligrams per cent. 


Bactericidal activity 

The relationship between bactericidal activity and the tem- 
perature at which such activity was determined is shown in 
chart 1. In this chart the average minimal bactericidal concen- 
tratton of sulfanilamide, for each size of inoculum, has been 
plotted logarithmically against temperature. It is evident, from 
this chart, that (1) the drug was totally inactive at 30°C.; (2) 
slight activity, against only the smallest bacterial inoculums, 
was obtained at 33°C.; (3) only slight activity continued to be 
manifest with increasing incubation temperatures up to 37°C.; 
(4) a temperature increase of two degrees, from 37 to 39°C., 
was accompanied by a large increase (about 100-fold) in drug 
activity against all but the largest bacterial inoculums; and (5) 
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concentrations of sulfanilamide of 10 mgm. per cent or less were 
active only at temperatures above 37°C. 
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Cuart 1. THe RELATIONSHIP BETWEEN TEMPERATURE AND THE BAcTERICIDA! 
ACTIVITY OF SULFANILAMIDE IN PD Brotu 
Minimal bactericidal concentrations of drug in milligrams per cent plotted 
logarithmically against temperatures at which activity was measured. Each 
curve represents a different size of bacterial inoculum ranging, by multiples of 10, 
from an average of 50 streptococcus units per milliliter in curve number 6 to an 
average of 5,000,000 per milliliter in curve number ! 


SULFAPYRIDINE 
Titration of activity 

Sulfapyridine was titrated against the 6 dilutions of test cul- 
ture at 6 different incubation temperatures between 30° and 
39°C. A total of 89 tests were made with this drug: 6 at 30°C.; 
6 at 33°C.; 6 at 36°C.; 24 at 37°C.; 23 at 38°C.; 24 at 39°C. 

Results of titrations for activity, in the 36 combinations of 
temperature and inoculum, are given in table 3. Wherever more 
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than one determination was made, the bactericidal end-point is 
expressed as the average, with only the first digit recorded as 
significant. 


TABLE 3 


The bactericidal activity of sulfapyridine against strain C 208 at incubation 
temperatures between 30 and 39 degrees Centigrade 


INITIAL | MINIMAL BACTERICIDAL CONCENTRATION OF SULFAPYRIDINE IN MGM. PER CENT 
BACTERIAL | : — v- 
COMER AEC nce {| sc 36 C. 37C. sc. | Cc. 
5,000,000 >100 (1) >100 (1) >100 (1) | >100 (4) | >100 (4) >100 (4) 


| 
500,000 | >100 (1) | >100 (1) | >100 (1) | >100 (4)| >100 (4)| 20 (4) 
50,000 | >100 (1) | >100 (1) | >100 (1) | >100 (4), 40 (4) 2 (4) 
| 
| 


5,000 >100 (1) | >100 (1) >100 (1) | >100 (4) | 20 (4) 0.8 (4) 
500 | >100 (1) | >100 (1) | >100 (1) | 50 (4) | 10 (4) 0.4 (4) 
50 | >100 (1) | >100 (1) | >100 (1) 20 (4) 5 (3) | 0.1 (4) 


! | 


Figures in parentheses indicate the number of determinations upon which 
each bactericidal end-point is based. Where two or more determinations are 
indicated, the minimal bactericidal concentration of sulfapyridine is expressed 
as the average, with only the first digit considered to be significant. Initial 
bacterial concentrations listed above indicate the average number of bacterial 
units per ml. of test mixture, as determined by plate counts. 


TABLE 4 
Individual test results: the bactericidal activity of sulfapyridine against strain 
C 203 at 39°C. 


INITIAL BACTERIAL CONCENTRATION PER ML. OF TEST MIXTURE 


NUMBER 
OF TEST oa - ee 7 aes soe 
5,000,000 500,000 50,000 5,000 | 500 50 
1 >100 20 2 = «0.8 06 | O1 
2 > 100 20 2 0.6 06 | 02 
3 >100 20 2 | 08 | 02 | 0.08 
4° 0.2 | 0.1 


> 100 20 2 0.8 


Figures above indicate minimal bactericidal concentrations of sulfapyridine 
in milligrams per cent. 


Variations tn bactericidal end-points 


In table 4 are listed 24 individual test results of titrating sulfa- 
pyridine against the six different sizes of inoculum at 39°C. 
From this table, it may be seen that the variation in results is 
relatively slight, when one considers the limitations inherent in 
any biological titration. 
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Bactericidal activity 
The relationship between temperature and the bactericidal 
activity of sulfapyridine is shown in chart 2 in which bactericidal 
end-points, for each size of inoculum, are plotted logarithmically 
against incubation temperature. As with sulfanilamide, it is 
evident from this chart that: (1) the highest concentration of 
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Cuart 2. THE RELATIONSHIP BETWEEN TEMPERATURE AND THE BACTERICIDA! 
AcTIViITy OF SULFAPYRIDINE IN PD Broru 

Minimal bactericidal concentrations of drug in milligrams per cent plotted 
logarithmically against temperatures at which activity was measured. Each 
curve represents a different size of bacterial inoculum ranging, by multiples of 10, 
from an average of 50 streptococcus units per milliliter in curve number 6 to an 
average of 5,000,000 per milliliter in curve number 1. 
sulfapyridine which could be tested was totally inactive at 
30°C.; (2) slight activity, against the smaller inoculums, was 
obtained at 37°C.; (3) an increase in temperature of two degrees, 
from 37 to 39°C., was accompanied by a large increase in drug 
activity against all but the largest bacterial inoculum. 


COMMENT 
The experiments reported here indicate that temperature is a 
critical accessory factor in the antibacterial action of sulfona- 
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mide-type drugs in vitro. The striking increase in bactericidal 
power, of both sulfanilamide and sulfapyridine, which accom- 
panies a rise in temperature from 37° to 39°C. is difficult to ex- 
plain. The possibility that the drug, itself, is directly affected 
by increasing temperature would appear to be remote since no 
significant change in activity occurred between 30 and 37°C. 
Likewise, the view that a direct effect of temperature upon the 
bacteria renders them more susceptible to bactericidal action 
does not adequately explain the phenomenon. We have, thus 
far, been unable to show that streptococci, grown at 39°C., are 
injured or changed in any way to account for their increased 
susceptibility to the drugs. It is true that the rate of bacterial 
growth appears to be optimal at about 37°C. and that a tempera- 
ture increase to 39°C. decelerates this rate. However, decelera- 
tion of growth rate does not, in itself, suffice to explain increased 
drug activity because at temperatures below 37°C. there occurs 
a similar deceleration of bacterial growth rate which is accom- 
panied, not by an increase, but by a slight decrease in drug ac- 
tivity. In view of the critical nature of the relationship between 
temperature and the bactericidal activity of these drugs, it 
appears to us that its explanation may be found in a study of the 
effect of temperature upon the metabolic processes of bacteria. 

Experimental results, reported by others, which show a quanti- 
tative relationship between drug and bacteria are confirmed by 
our data. However, this relationship appears to be definable in 
general terms only, and to the extent that, roughly, larger 
amounts of drug are required to sterilize, as the size of the bac- 
terial inoculum increases. In this connection, it is of interest to 
note that there appears to be an inordinate decrease in drug effec- 
tiveness against the larger inoculums. Furthermore, the drugs’ 
activity ratio for 39:37°C. is much less for the heavy than for the 
light inoculums. This would suggest that the activity exhibited 
by large amounts of drug against large inoculums of bacteria 
may be non-specific. 

Although the temperature effect reported in this paper may 
not be directly concerned with the question of the mode of action 
of sulfonamide-type drugs, it may have a significant bearing upon 
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the definition of such action. A survey of the literature on this 
subject indicates that there is considerable disagreement as to 
whether these drugs exhibit merely an inhibitory, or a fully 
bactericidal action in vitro. 

Thus, bactericidal action has been reported by Colebrook and 
his associates (1936); Helmholtz and Osterberg (1937); Hoare 
(1938); Keefer and Rantz (1938); Mayer (1937); Mellon and 
Shinn (1937); Neter (1938); Nitti and his associates (1937); 
Wengatz and his associates (1938); and White and Parker (1938). 
On the other hand, bacteriostatic action has been reported by 
Bliss and Long (1938); Gay and Clark (1937); Long and his 
associates (1939); Lyons and Mangiaracine (1938); Maegraith 
(1938); Osgood and Brownlee (1938); Mellon and Bambas 
(1937); and Spray (1938). In a recent report (1939), McIntosh 
and Whitby have made an unqualified statement to the effect 
that sulfanilamide is inactive against streptococci in peptone- 
containing broth. 

It is obvious that these conflicting results must be explained 
before one can define the in vitro action of the drugs. Differences 
in drug concentration, bacterial strain, test medium, or size of 
bacterial inoculum probably account for many of the discrepan- 
cies. However, even under the most favorable conditions for 
reproducibility, it is evident that contradictory results may be 
obtained, if maintenance of accurate temperature control is 
neglected. For example, tests made in two different labora- 
tories, to determine the activity of 10 mgms. per cent sulfanila- 
mide against a small inoculum of strain C 203 in PD broth, might 
show contradictory results, varying between no effect and steril- 
ization, if incubation were carried out at 36°C. in one laboratory 
and at 38°C. in the other. Therefore, in view of the relatively 
inaccurate temperature control which one finds in the ordinary 
bacteriological incubator, it is suggested that more precise incuba- 
tion temperature may be essential to a clear definition of the 
in vitro action of these drugs. 

A possible correlation between the action of sulfanilamide at 
“fever temperature”’ in vitro and its clinical use has been suggested 
in our previous report (White and Parker, 1938). The present 
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data, on the action of sulfapyridine in vitro, suggests that there 
may be a similar correlation for this drug. In this connection, 
it is interesting to note that clinically significant concentrations 
of both drugs were active only at temperatures above 37°C. 
A comparison of our sulfapyridine and sulfanilamide data in- 
dicates that the average in vitro activity ratio for these compounds 
is about 4.5, in favor of the former. This may afford further 


opportunity for correlation between our observations and clinical 
results. 


SUMMARY 


The minimal bactericidal concentrations of sulfanilamide and 
of sulfapyridine for each of 6 different initial concentrations of 
beta-hemolytic streptococcus strain C 203 in PD broth were 
determined at various temperatures between 30° and 39°C. 
Incubation of drug-bacteria mixtures was maintained for 48 
hours in water baths with thermoregulator control to +0.005 
of a degree. Simultaneous titration of drug and culture, each 
against the other, with sterilization as the end-point for measur- 
ing drug activity, was carried out in a total of 312 determinations. 


CONCLUSIONS 


Under the conditions of our experimental procedure: 

1. Concentrations of sulfanilamide lower than 1000 mgm. per 
cent were inactive at 30°C. 

2. Concentrations of sulfanilamide lower than 100 mgm. per 
cent were inactive at 36°C. 

3. At 39°C., concentrations of 10 mgm. per cent or less were 
bactericidal against an average initial bacterial concentration of 
50,000 per ml. 

4. About 100 times as much sulfanilamide was required to 
sterilize at 37°, as at 39°C. 

5. Drug concentrations of 10 mgm. per cent or less were active 
only at temperatures above 37°C. 

6. Sulfapyridine was similarly influenced by temperature, but 
at a higher level of activity. 

7. The average activity ratio for these compounds was 4.5, 
in favor of sulfapyridine. 
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8. Accurate temperature control appears to be an essential 
part of any reliable method for measuring the activity of these 
drugs in vitro. 


I gratefully acknowledge my indebtedness to Dr. E. K. Mar- 
shall, Jr. for helpful advice and criticism throughout this study. 


REFERENCES 


Buss, E. A., anp Lone, P. H. 1938 Comparison of bacteriostatic effects of 
sulfanilamide and sulfapyridine (2 sulfanilyl aminopyridine) on bac- 
teria in broth cultures. Proc. Soc. Exptl. Biol. Med., 39, 483-485. 

Bratron, A.C. 1939 Asimple mechanical thermoregulator. Science, in press. 

Co.esrook, L., Butrie, G. A. H., anp O’Meara, R. A. Q. 1936 The mode of 
action of p-aminobenzenesulphonamide and prontosil in haemolytic 
streptococcal infections. Lancet, 2, 1323-1326. 

Gay, F. P., anp Ciark, A. R. 1937 On the mode of action of sulfanilamide in 
experimental streptococcus empyema. J. Exptl. Med., 66, 535-548. 

Hetmnorz, H. F., anp OsterBeRG, A. E. 1937 The effect of pH of the urine on 
concentration of free and conjugated sulfanilamide necessary for bac- 
tericidal action. Proc. Staff Meetings Mayo Clinic, 12, 661-664. 

Hoare, E.D. 1938 Bactericidal changes induced in human blood and serum by 
sulphamido-chrysoidine and sulphanilamide. Lancet, 1, 655-659. 

Keerer, C.S., anp Rantz, L. A. 1938 Sulfanilamide: A study of its effect on 
the bactericidal power of whole blood for the gonococcus. Am. J. 
Syphilis, Gonorrhea, Venereal Diseases, 22, 679-690. 

Lona, P. H., Buss, E. A., anp Feinstonge, W.H. 1939 Mode of action, clinical 
use and toxic manifestations of sulfanilamide. Further observations. 
J. Am. Med. Assoc., 112, 115-121. 

Lyons, C. 1938 The effect of sulfanilamide upon human virulent hemolytic 
streptococci. Ann. Surg. 108, 813-827. 

MaecraiTs, B. G., anp Vottum, R. L. 1938 The bacteriostatic effects of sul- 
phonamide-P, soluseptasine, and M & B 693. Brit. Med. J., 2, 985-989. 

Mayer, R-L. 1937 Récherches sur le méchanisme de |’action anti-streptococ- 
cique de l’aminobenzenesulfamide et de ses dérivés. Bull. acad. méd., 
Paris, 117, 727-735. 

McIn7vosu, J., anD Wuitrsy, L. E.H. 1939 The mode of action of drugs of the 
sulphonamide group. Lancet, 1, 431-435. 

MELLon, R. R., anp BamsBas, L. L. 1937 Bacteriostatic effect of sulfanilamide 
in spinal fluid of convalescent cases of streptococcal meningitis. Proc. 
Soc. Exptl. Biol. Med., 36, 682-683. 

MELLON, R. R., anp SuHinn, L. E. 1937 Potentiating influence of urine on sul- 
fanilamide’s bacteriostatic effect on E. coliin vitro. Proc. Soc. Exptl. 
Biol. Med., 37, 331-333. 

Neter, E. 1938 Bacteriostatic Action of sulfanilamide upon meningococcus in 
spinal fluid. Proc. Soc. Exptl. Biol. Med., 38, 37-40. 

Nitti, F., Bovet, D., anp DeprerRe, F. 1937 Action des dérivés du p-amino- 
phenylsulfamide (1162 F) sur les streptocoques hémolytiques in vitro. 
Compt. rend. soc. biol., 124, 16-18. 








562 HAROLD J. WHITE 


Oscoop, E. E. 1938 Culture of human marrow. Studies on the mode of action 
of sulfanilamide. J. Am. Med. Assoc., 110, 349-356. 

Spray, R. 8. 1938 Bacteriostatic action of prontosil soluble, sulfanilamide, 
and disulfanilamide on the sporulating anaerobes commonly causally 
associated with gaseous gangrene. J. Lab. Clin. Med., 23, 609-614. 

Waite, H. J., anp Parxer, J. M. 1938 The bactericidal effect of sulfanilamide 
upon beta hemolytic streptococci in vitro. J. Bact., 36, 481-498. 

Wenaatz, H. F., Boax, R. A., anp CarRPENTER, C. M. 1938 The bactericidal 
effect of sulfanilamide on the gonococcus in vitro. J. Bact., 35, 36. 
(Abstract). 





til ae te AALIRION 




















ra 
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In earlier papers of this series (Hershey, 1939b) it has been 
shown that growth during the latent period is continuous with 
the subsequent growth accompanied by cell division, the two 
phases being described by a single law. The observations were 
made with Escherichia coli and Shigella dysenteriae. Further 
test of the general validity of the conclusions reached with these 
organisms seemed desirable. This could be done by applying 
similar methods at random to the study of various species. We 
have attempted to proceed more purposefully. 

One could, a priori, anticipate several causes of lag (Penfold, 
1914) which would be different from what we shall call the ‘“‘nor- 
mal latency” exhibited by the organisms mentioned. For ex- 
ample, growth on transplant should occur at increasing rate if 
bacteria in an aging culture sustain injury to labile constituents 
of catalytic mechanisms which are not essential to viability, but 
on which the rate of growth under favorable conditions depends. 
No authenticated instance of this is known. Recovery from 
injury has been suggested as a possible explanation of lag in 
pneumococcus cultures (Chesney, 1916), which are known to 
accumulate hydrogen peroxide in toxic concentrations; a similar 
explanation might be put forward to account for “‘dormancy”’ 
(Burke, Sprague and Barnes, 1925) of spores or of vegetative 
cells, whether the injury is of unknown cause or wilfully inflicted 
(Hollaender and Duggar, 1938; earlier work discussed by Buch- 
anan and Fulmer, 1928). It is evident that this mechanism is 
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not involved in normal latency, but that it may be a contributing 
factor in special cases. 

In seeking experimental verification of this hypothesis, it has 
seemed preferable to use bacteria subjected to artificial treatment 
which could be controlled, rather than to observe cultures in 
which only the effects of uncertain influences could be measured. 
Our observations have been made with £. coli surviving exposure 
to heat. The general conclusions drawn from these experiments 
ought to be equally pertinent to an understanding of the effects 
of hydrogen peroxide, adverse pH, or other change in the medium 
accompanying the growth of bacteria themselves, should signifi- 
cant injuries be shown to result. The following experiments are 
concerned, therefore, with the measurement of delay in multipli- 
cation following physical injury, and with the elucidation of the 
physiologic significance of this phenomenon. In addition, in- 
formation has been obtained relating to the interdependence of 
respiratory changes and loss of viability in bacteria subjected to 
various degrees of heat. 


EFFECTS OF HEAT ON VIABILITY 


The systematic observations of Curran and Evans (1937) 
showed that serious errors are introduced when the usual pour- 
plate method is used to count injured bacteria. By adding 
suitable enrichments to the agar medium, much higher survivor 
counts were obtained. It is a truism that the viable count 
must be expressed in terms of ability to grow on some arbitrarily 
selected nutrient medium. But for the purpose of studying 
growth properties, the significant count should represent the 
number of cells which will eventually undergo multiplication in 
the culture under observation. The obvious method of obtaining 
this number is to employ for counting the medium in which 
growth is to be observed. This is conveniently accomplished, 
with liquid media, by the method of most probable numbers 
(McCrady, 1918). 

By this method it was found, with bacteria surviving the higher 
temperatures, that the numbers given by the plate count were too 
low (table 1), sometimes representing only one per cent of the 
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numbers growing in broth. During incubation in broth, how- 
ever, the number of organisms capable of growing in agar rapidly 
rose to the values given by the direct broth count (fig. 2). Since 
a constant value was reached well in advance of the actual mul- 
tiplication of bacteria, it was possible to take advantage of the 
greater convenience of the plate count in measuring the length 
of the latent period. One or two counts by the method of 
probable numbers at the beginning of each experiment sufficed 
as controls. 

It is evident that the explanation of Curran and Evans, that 
survivors exhibit altered nutrient requirements, is not supported 


TABLE 1 


Respiratory activity and viable bacteria surviving 15 minutes exposure at 
different temperatures 


NUM- . . . 
EXPERI- a. | savons oy —_ om oe berone “APTER ——— 
MENT | Sone | BEAT VIABLE VIABLE | Sit/u, | muta, | CREASE 
io/un. 10°/mn, | (BBOTH) | pooja, | (4948) HR HR Uruss 
. 
1 51.0 | 3.5 3.5 0 327. 219 33 
2 52.0 4.5 5.0 0 4.0 11 257 38 85 
3 52.5 3.5 4.0 0 3.6 0 234 28 88 
4 53.5 4.8 3.9 19 2.3 52 302 3.3t >99 
5 54.0 3.6 2.9 19 1.8 50 0.93t >99 
6 56.0 4.0 0.61 85 0.002 >99 0.00027 >99 


* At zero time. 

t By extrapolation. 
by these observations, since the broth and agar used were of the 
same nutrient composition. A few trials showed that the low 
plate counts were not due to the effects of the temperature of the 
melted agar, for broth tubes heated after seeding at 48° for several 
minutes did not give low counts. The failure of viable cells to 
form colonies in agar could be attributed to the effect of agar 
itself in decreasing the available water content of the medium, 
since adding small quantities of water to each plate increased 
numbers of colonies. The recovery of ability to produce colonies 
in agar resembled other growth processes in that it did not occur 
in broth at low temperatures, nor in saline at 37°C. These 
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observations probably explain the “apparent initial increase’ 
during lag noted by Hollaender and Duggar (1938) with irradiated 
bacteria. 


EFFECT OF HEAT ON LATENT PERIOD 


Bacteria surviving heat showed a progressively lengthened 
period of latency as the temperature was increased. At 56°C. 


TABLE 2 


Observed and calculated latent period and bacterial numbers in cultures seeded with 
heated bacteria 


| So | | | | | 
recat’ ammpmazoms | ascios | com | Hae |xooms! ames | sang 

| CELL HOUR | | | | 

S. | hours hours | | hours 

1 | 51.0 | 0.63 | 1.6 | 1.65 | 9.54 | 2.50 | 10.84 | 10.46 
2 | 52.0 | 0.085 =| 2.4 | 2.58 | 9.65 | 4.00 | 11.60 | 11.09 
3 | 52.5 | 0.083 2.5 | 2.59 | 9.54 | 4.00 | 11.26 | 10.97 
4 | 53.5 | 0.0085" | 3.2 | 3.66 | 9.59 | 4.40 | 10.91 | 10.41 
5 | 54.0 | 0.0032* | 4.1 | 4.12 | 9.46 | 5.66 | 11.03 11.02 
6 | 56.0 0.0000044*| 7.9 | 7.07 8.79 | 9.00 | 9.90 | 10.60 
7 | Unheated | 0.85t | 1.45 | 1.51 | 9.99 | 2.00 | 10.73 | 10.57 
8 | Unheated 0.85t | 1.53 | 1.51 | 9.93 | 2.00 | 10.42) 10.51 
| 1.53 | 1.51 | 9.72 | 2.25 | 10.66 | 10.54 


9 | Unheated | 0.85t 


* By extrapolation, see ‘‘Methods.”’ 
+t Average value previously reported. 
t By count from subcultures containing approximately 10*/ml., computed to 
numbers per ml. original culture. 
log 48/38, 
Eq. (2): L = M log 2 
Eq. (5): log B = log B. + Mt log 2 — log S/8,. 
S = 16.1 X 10-7 mm’ per cell hour. 
M = 3.1 doublings per hour. 





for 15 minutes, for example, the survivors numbered 15 per cent 
of the original cells, and reached the midpoint of the first genera- 
tion only after 8 hours in broth at 37°C. as compared with 1.5 
hours for the control (table 2). Our data are apparently the 
first to show clearly that this extended latency is a direct effect 
of injury and not merely the result of selection of resistant in- 
dividuals inherently slower to develop, since delayed multiplica- 
tion was noticeable after exposure to temperatures at which no 

















FACTORS LIMITING BACTERIAL GROWTH 567 


death occurred. Previous workers have observed similar ex- 
tension of latent period only under conditions in which the 
percentage of survivors was small (Hollaender and Duggar, 
1938; other work discussed by Buchanan and Fulmer, 1928). 
This discrepancy is only partially explained by the fact that 
different criteria of survival were used. 


EFFECT OF HEAT ON RESPIRATION 


The decrease in rate of oxygen consumption, at zero time in 
broth, of cells exposed to various temperatures was enormously 
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Fig. 1. Rates or OxyGEN-CONSUMPTION IN Brotu oF E. cout AFTER 15 MINUTES 
Exposure TO DIFFERENT TEMPERATURES 


Each vessel contains 0.4 to 2.0 ml. cells, 3.6 to 2.0 ml. saline, and 1.0 ml. solution 
containing 10 per cent peptone, 5 per cent beef extract, and M/10 phosphate pH 
6.8, the latter added at zero minutes. Cells consist of 24 hour aerated broth 
culture, 1 ml. containing 2.5 to 5.0 billion organisms. 
greater than the accompanying decrease in numbers. Heating to 
52.5°C. for 15 minutes depressed oxygen use about 90 per cent 
without killing any of the cells. Their ability to grow in agar 
was somewhat decreased however (table 1). Actual curves 
showing initial rates of oxygen consumption in broth for several 
experiments are given in figure 1. It will be observed that 
following exposure to the higher temperatures, and even with 
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completely sterile suspensions, there was a residual respiration 
which decreased very rapidly for a time after addition of fresh 
broth, soon becoming immeasurable if sufficient heat-injury was 
sustained by the cells. The same peculiarity, even more marked, 
was observed in a few measurements of carbon dioxide produced 
at pH 6.6 by the heated bacteria, i.e., the ratio CO, produced to 
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O, absorbed tended to decrease as the rate of respiration de- 
creased. The phenomenon was observed in the same degree 
whether measurement was made soon or late after the cells were 
heated, and could be elicited a second time by adding a second 
portion of broth. One may suppose that the broth contains 
small amounts of substrates for which the corresponding activat- 
ing centers are relatively heat resistant. 
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For obvious reasons, this evanescent respiration has been 
ignored in arriving at the values recorded in the table (see fig. 2). 
For decreases greater than 90 per cent, the latter are hypothet- 
ical, since extrapolation to zero time required assumptions that 
‘cannot be proved. It was observed that the rate of oxygen 
consumption increased logarithmically from zero time when 
measurable, i.e., when 10 per cent or more of the original activity 
remained. Following exposure to the higher temperatures, 
increase in respiration was of the same kind during the latter part 
of the latent period, as soon as it could be measured. In ex- 
trapolating through the unobserved period, it was consistent to 
assume that the same acceleration had prevailed from the be- 
ginning of the experiment. To the extent that this assumption 
is questionable, the observations with cells heated at the higher 
temperatures are less satisfactory from an experimental point of 
view. 


RELATION BETWEEN RESPIRATION AND GROWTH 


In the work with bacteria obtained under various conditions 
of cultivation (Hershey, 1939b), we have often used “oxygen 
consumed per cell-hour’’ as a measure of physical size, the rela- 
tionship between these two properties appearing to be constant 
(Hershey and Bronfenbrenner, 1938). With heated bacteria, 
it is clear that this relationship no longer holds, since heating may 
affect respiration but not size. Only the manometric method, 
therefore, could possible give physiologically significant values 
of S., which accordingly must be redefined as ‘functional size,”’ 
i.e., initial rate of O.-consumed per cell-hour, without other 
implication. 

With this reservation, laws describing growth at constant rate 
apply without modification to bacteria surviving heat (table 2). 
In other words the regeneration of heat-inactivated cellular 
respiratory mechanisms occurs at the same rate, and reaches the 
same maximal value preceding cell-division, as is the case with 
unheated cells (fig. 2). On the other hand, since the rate of 
increase measured manometrically is continuously proportional 
to the actual rate of O.-consumption, but not initially to the total 
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amount of heated cell substance, it is evident that the growth of 


heat-treated cells occurs in accordance with the classical notion 
of lag. From the standpoint of cell physiology, however, this 


i 











10.! 
” 
a 
w 
@ 
2 
> 
2 
: Ye 
a 5  # 
“ P il 
a 
4 s 
“ o 
O.1F- wg 
- 7 
“ a 
~ ae P 
if - 
¢ 4 
br Ys 
i ‘ a 
- rf ¢ 
a P 
“a a 
. * 
7 
* 
/ 
8.) L A. -* 4. A. A A... i. -) 
° 20 40 60 80 100 120 140 160 180 


MINUTES 
Fic. 3. Growts in TurBipity Durine THe Latent Periop or Cuttures Con- 
TAINING Heatep Bacteria, SHOWING THAT Recovery Is AccOMPANIED 
BY Puysica GrowTH 

Two experiments are shown with cells heated 15 minutes at 52.0 and 52.5°C. 
ram ary y. All the cells are viable. The upper curves represent the observed 
turbidity in terms of the calibration of the instrument. The lower curves were 
obtained by subtracting, from the observed values, nephelometric equivalents of 
the initially inactive respiratory enzymes (see ‘‘methods’’). As before, counts 
made from the subcultures are expressed in terms of numbers per ml. of the 
original cells. Dilutions of the subcultures are indicated on the curves by nega- 
tive logarithms. 


behavior is best described as that of a very small cell exhibiting 
normal growth properties, but burdened with a relatively large 
mass of inert protoplasm. This relationship is clearly shown in 
figure 3. The upper curves represent the observed increase in 
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turbidity of cultures of heated bacteria, and exhibit true lag. 
Points on the lower curves were obtained by subtracting from 
ach nephelometric value a constant representing the amount of 
inert protoplasm initially present, that is to say, the initial 
nephelometric count multiplied by the fractional decrease of 
oxygen consumed per cell-hour at zero time. No cell death 
occurred at the temperatures chosen. 

The latter experiments answered a question of particular in- 
terest: Is the regeneration of heat-inactivated respiratory func- 
tion quantitatively accompanied by physical growth? The 
identity of the corrected nephelometric curves with the analogous 
manometric curves (fig. 2 and 3) indicates that it is. ‘The con- 
clusion seems warranted that increase of respiratory activity and 
recovery of ability to produce colonies on agar (see page 565) 
during the latent period of heated bacteria in broth are effects 
of actual physical growth, and that this growth is “normal’’ in 
that it occurs at a rate proportional to the amount of surviving 
respiratory function, or of some unidentified cell function of which 
the former is a quantitative measure. It does not appear that 
any reactivation of metabolic properties of the inert cell residue 
takes place. 

If regeneration of respiratory function regularly occurs at the 
normal growth rate, as indicated by the experiments cited above, 
population growth in cultures seeded with heated bacteria ought 
to be predictable in terms of growth at constant rate to constant 
maximal size preceding cell division. Conversely, agreement 
between observed and expected numbers in these cultures should 
provide an independent confirmation of the conclusions already 
reached. 

Growth data obtained by the viable count with bacteria heated 
at various temperatures are compared with the corresponding 
values calculated by our equations describing growth without 
lag (Hershey, 1939b) in table 2. The experimental values of L 
(latent period) and log B (numbers at any time during the period 
of rapid cell division) were measured as previously described. In 
the present experiments L was determined less accurately because 
it was impracticable to make closely-spaced counts during the 
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extended latent periods under observation. This value is prob- 
ably correct within a half-hour. Growth curves from two ex- 
periments are reproduced in figure 2. The experimental data of 
table 2 include all the measurements of L made, and the values of 
log B representing the last count made during each experiment. 
Repeated manometric experiments were necessary to establish 
within experimental variation a constant value for the growth 
rate (M) during the latent period. The curves of figure 2 (M = 
3.0 and 2.6) show the considerable variations met with. The 
average, 3.1, of values ranging from 2.6 to 3.3, was used in all 
valculations. This is, of course, also the normal rate of growth 
of this organism. Since the data under consideration are un- 
selected, the agreement between theory and experiment may be 
regarded as satisfactory. 


GENERAL DISCUSSION 


The observations reported in this paper seem important to us 
in several connections. If our interpretation is correct, they 
establish the physiological identity of the extended latency of 
heated bacteria, and the period of lag exhibited on transfer by 
unheated cultures. In both cases, the period preceding cell- 
division consists of growth at a characteristic maximal rate not 
different from that seen in rapidly multiplying cultures. 

It is suggested that the ideas of injury and repair do not de- 
scribe the effects of heat on bacterial cells. On the contrary, the 
detectable effects appear to be quantitative only, both with re- 
spect to respiration and growth properties. Since the growth of 
surviving cells is not different from normal growth, the term 
repair is misleading. The distinction is perhaps trivial, but is 
consistent with our objection (Hershey and Bronfenbrenner, 
1938) to applying the concepts of mammalian physiology too 
uncritically to the physiology of undifferentiated cells. In other 
connections this habit has had the practical consequence, we 
believe, of prompting misguided efforts. 

The significance of the experimental value ‘‘oxygen consumed 
per cell-hour’”’ appears to be manifold: under suitable conditions 
it is a measure of cell-size; with both normal and heated bacteria 
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it provides an index of growth function; within a critical range it 
appears to be a factor conditioning viability. It gives point to 
the relative meaning of the latter concept: within a critical range 
of values of “‘O,-consumed per cell-hour,” viability is the expres- 
sion of the probability’ that a given quota of respiratory activity 
will furnish sufficient energy for growth in a given environment. 
The more favorable is the latter, the lower will be the critical 
metabolic rate coinciding with loss of ability to propagate. 

We do not, of course, suggest that the respiratory mechanisms 
are the sole determinants of growth. Under the conditions we 
have studied, there is a constant quantitative relation between 
respiratory activity and rate of growth. We conclude that 
either the activity of energy producing systems under these con- 
ditions is the limiting factor in the sequence of processes recog- 
nized as growth, or that the synthetic mechanisms themselves 
are capable of quantitative variations in activity which are by 
coincidence measurable in terms of oxygen consumed per cell. 
It should be recalled that these “‘synthetic’’ mechanisms do not 
appear to be demonstrable independently of growth and respira- 
tion. 

A quantitative definition of viability is pertinent to the problem 
of the kinetics of death. Loss of viability, whatever the criterion 
used, is an all-or-none result, probably representing in terms of 
altered cell function the 90 per cent or more completion of some 
continuous process, exemplified by progressive inactivation of 
respiratory enzymes. It is to be anticipated that measurement 
of the course of this process? in time will provide a more satis- 
factory description of injury sustained than measurement of 
numbers surviving, and the kinetics of the two results will be 


1 Rahn (1929-30) has treated the process of death in bacterial populations by 
the probability method. He postulated a number of vital ‘‘genes,”’ inactiva- 
tion of any one of which would lead to the death of the bacterial cell. But 
since the available data on the kinetics of death would be very different if 
other media had been used for counting, they are scarcely to be interpreted in 
terms of single vital molecules. 

2 We hope to be able to report, in the near future, on a method for measuring 
this quantity which requires no assumption as to the nature of the processes 
involved. 
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very different. Rahn and Barnes (1932-33), and Oster (1934-35) 
have given suggestive data of analogous kind obtained with 
yeast. 

The present work provides circumstantial evidence that the 
cell may be regarded as the sum of its metabolic activities, and 
more specifically, that the rate of growth is limited by the rate 
at which energy is degraded by the cell. Equally plausible is 
an alternative interpretation: that the observed correlation is 
the accidental result of simultaneous inactivation of energy- 
producing and synthetic mechanisms by héat. If the latter is 
true, study of different types of injurious influences ought to 
lead to different quantitative results. Pertinent observations 
made by Bronfenbrenner and collaborators (1939) with dis- 
infectants are in superficial agreement with the experiments using 
heat. We intend to pursue this question with a more detailed 
study of the relation between effects of phenol on respiration, 
and on growth properties. 


METHODS 


Details of experiments employing most of the present methods 
have been given in earlier papers (Hershey 1939a and b). The 
cultures used had been incubated with aeration at 37°C. for 24 
hours. Samples of these were heated in test tubes in a tempera- 
ture controlled water bath. 

Figure 1 is self-explanatory. The curves shown are not neces- 
sarily those corresponding with the experiments of tables 1 and 
2. In arriving at zero time values from curves of this kind, the 
straight portion of the graph was extrapolated to the ordinate. 
This procedure was adopted since some decision was necessary 
in the case of heated bacteria if the momentary period of decrease 
in respiration was to be ignored. The method used has the virtue 
of objectivity. Actually it gives figures somewhat too low, as 
indicated by values recorded in table 1 for unheated culture. 
These would give 8, in the neighborhood of 0.6, while extrapola- 
tion through the observed points has yielded an average value of 
0.85. This probably accounts for the tendency of calculated 
values of L to be too large, and of log B too small, in the present 
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experiments. By this procedure the curves of figure 1 obtained 
with cells heated at 53.5° and above are left out of calculations 
entirely. In defense of this practice, it may be pointed out that 
we are defining S, as O.-consumed per viable cell, and attempting 
to give it physiological significance; the data of figure 1 would 
give infinite values with non-viable cells (63 and 100°C.). In 
this sense it is consistent to regard all decreasing initial rates as 
imaginary. For other reasons, the initial values obtained with 
cells heated at temperatures above 53° are of little quantitative 
significance. In order to obtain measurable rates, relatively 
large numbers of heated bacteria must be used. Under these 
conditions the observed oxygen consumption is not strictly 
proportional to numbers of cells, and varies somewhat with the 
concentration of broth. This is probably explained by the fact, 
previously referred to, that the substrates principally oxidized by 
these cells are present in low concentrations in the broth. Un- 
heated cells, on the other hand, probably utilizing at measurable 
rate many more substrates, give constant experimental values for 
O.-consumed per cell over relatively wide ranges of cell and broth 
concentrations, the limiting factor in this case being solubility of 
oxygen (Hershey and Bronfenbrenner, 1937). ‘These facts should 
not be interpreted as evidence of altered metabolic requirements 
of heated cells, except in the sense that the rates of inactivation 
of the various cell catalysts are different (Quastel, 1928-29). 
The method of extrapolation actually used is shown in figure 2. 
Again the logarithmic portion of the curve is extended to zero 
time, either graphically (experiment 3), or where this procedure 
would be too arbitrary (experiment 6), by the use of the formula 


_ log Ro, — logz 
a=: tlog 2 


where M = 3.1 doublings per hour, 2p, = rate of O.-use observed 
at time t, x = corresponding rate att = O. Values of x (O.-use 
after heating, table 1) for experiments 4, 5 and 6 are the average 
of solutions for different values of ¢. As stated earlier, the ex- 
periments at the higher temperatures are not entirely satisfactory 
because of the assumptions involved. 
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Figure 2 also gives examples of population curves for subcul- 
tures of heated bacteria, showing the use of the method of most 
probable numbers in enumerating survivors, and illustrating the 
fictitious results given by plate counts during the early hours of 
growth with bacteria heated at the higher temperatures. 

Figure 3 requires no description, except for the method of 
computing values for the corrected curves. For example, photo- 
electric analysis of heated cultures, using the instrument of 
Stier, Arnold and Stannard (Hershey, 1939a), indicated 6.6 x 10° 
cells per ml. But ‘‘O.-consumed per ml.” for the same prepara- 
tion, divided by the nephelometric count, gave 0.085 « 10-7 mm. 
per nephelometric cell per hour, whereas unheated cells, since the 
instrument is calibrated against 24-hour stationary cultures, 
should give an average value of 2.4 x 10-7 mm.* per cell hour 
(Hershey and Bronfenbrenner, 1938; see correction Hershey, 
1939b). Therefore, 6.6 x 10° x 0.085 + 2.4 = 2.3 x 10%, the 
nephelometric equivalent of the initial O.-consumed per ml., and 
6.6 — 0.23 = 6.37 x 10°, the nephelometric equivalent per ml. 
of original cells of the inactivated respiratory function. Points 
on the lower curves of figure 3 were obtained by subtracting this 
quantity from the corresponding points on the experimental 
curves, these being expressed in terms of the ml. of original cells. 
Numerous sources of error in these experiments make the exact 
values questionable. It must be accepted that physical growth 
occurs during the period of recovery; in addition the corrected 
curves appear to be “‘logarithmic.”’ 

“‘Numbers before heating” (table 1) are the result of a single 
plate count made from the unheated culture. ‘“Survivors’’ in 
broth are the averaged results of counts made by the method of 
most probable numbers (McCrady, 1918). Since lactose-brom- 
thymol-blue broth gave the same count as plain broth with 
heated bacteria in this method, the former was used to facilitate 
detection of contaminants. Ten tubes were seeded with each 
dilution required for each count made. Agreement between 
duplicate counts was usually satisfactory for our purpose with 
this number of tubes, although 100 per cent variations were 
occasionally met with. “Survivors” in agar are the result of a 
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single plating made immediately after heating the cells. These 
counts were relatively inconsistent, plates receiving the same 
aliquot, and especially those receiving different volumes of the 
saline dilutions (see page 565) giving very poor agreement. 

Values of B, (table 2) represent the average of the several 
plate counts showing agreement immediately before multiplica- 
tion began (fig. 2). The observed latent period (L) was obtained 
from the growth curves as previously described (Hershey, 1939b). 
Values of log B observed, to avoid selection, were taken from the 
last count made in each experiment. All values required for 
solution of equations (2) and (5) are given in table 2. 


SUMMARY 


When Escherichia coli is subjected to heat, three effects may 
be recognized: decreased respiration in broth, prolonged latent 
period on subculture, and finally, loss of viability. The corre- 
lation between these various effects is discussed at length. 

The regeneration of heat-inactivated respiratory function oc- 
curs at a constant rate characteristic of the normal growth of the 
organisms, and is accompanied by physical growth. ‘Recovery 
from injury” appears, therefore, to consist of growth. 

The extended latent period of heated cells answers to the classi- 
eal description of lag. In terms of cell physiology, however, it 
is not different from the latency of unheated bacteria, and consists 
of growth at constant rate. 

Equations describing growth at constant rate satisfactorily 
predict the growth properties of heated bacteria, if quantitative 
changes in cell respiration are taken into account. 
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It has been established by many investigators that pneumo- 
eoccus polysaccharide, isolated either from the bacterial cell or 
from the bacteria-free broth culture, is antigenic for mice and 
men. Hence, the way is clear to determine the relationship 
between chemical constitution and antigenicity. Some efforts 
have been made toward the establishment of this relationship. 
It was the observation of Avery and Goebel (1933) that the 
antigenicity of the Type I polysaccharide was probably related 
to the presence of an acetyl group, which prompted this study. 
Their proof of the presence of this chemical radical was the effect 
of heat treatment with dilute alkali, accompanied by a loss of 
antigenicity, and also the isolation of silver acetate from the distil- 
late from an acid solution of the sample which had been treated 
with alkali and heat. In the meantime, Enders (1930) had 
reported isolation of his ‘‘A’’ substance, and later (Enders and 
Wu (1934)) stated that it was the same as the acetyl polysac- 
charide of Avery and Goebel. Also Sevag (1934), and Heidel- 


1 From the Division of Infectious Diseases, National Institute of Health, 
Washington, D. C. 

2 This is one of a series of studies carried out in part under a grant from the 
Influenza Commission of the Metropolitan Life Insurance Company. 
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berger, Kendall and Scherp (1936) have confirmed this report 
as regards the presence of the acetyl group on Type I polysac- 
charide (SSS). The latter investigators have also stated that 
Type II polysaccharide contains an acetyl radical. Inasmuch 
as these observations if confirmed would constitute an important 
contribution toward our knowledge of antigens, attempts have 
been made to corroborate the findings. 

Our investigations on the isolation of the immunizing substance 
of the pneumococcus confirm in great part the work of Schiemann 
and Casper (1927-28), Saito and Ulrich (1929), Wadsworth and 
Brown. (1933), Zozaya and Clark (1933), and others, that a sub- 
stance polysaccharide in nature is antigenic for white mice (Felton 
1935)). In 1928, as stated in a paper on the dissociation of 
antigen-antibody complex (Felton 1932)), was begun the use of 
the calcium phosphate method for isolating polysaccharides 
(Felton 1935)). The method has been continued since because 
of the high antigenicity of the product for white mice, and also 
as shown in another publication (1931), because the product 
precipitated practically all of the antibody from immune serum, 
and differed in this respect from the original preparation of 
Heidelberger and Avery (1923). At the time Avery and Goebel 
reported the presence of an acetyl group on the Type I polysac- 
charide, the effect of alkali, organic and inorganic, was being 
studied on products isolated by the calcium phosphate method. 
It was found that while heat and inorganic alkalies, with the 
exception of ammonium hydroxide, decreased antigenicity, or- 
ganic bases did not decrease but actually increased this activity 
(1936). This observation along with other considerations led 
us to question the importance of the acetyl group on Type I 
polysaccharide in relation to antigenicity. This paper is a com- 
parative study of the polysaccharide of Type I pneumococci 
isolated by the calcium phosphate method and that isolated by 
the revised method of Heidelberger. It includes the effect of 
alkali and acid, under conditions which deacetylate a possible 
acetyl group, on the antigenicity of the polysaccharides isolated 
by these two methods. 
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METHODS 


The methods used were the conventional ones for: nitrogen, 
glucose number, optical rotation, precipitin titer, immune pre- 
cipitable nitrogen (Heidelberger, Sia and Kendall, 1930), and 
active immunity produced in mice. Two methods have been 
used for this last test, one varying the dose of antigen from 0.5 ml. 
of 10-* to 0.5 ml. of 10~* dilution in logarithmic series and testing 
seven days later with 100 to 500 lethal doses of the homologous 
type of pneumococcus; the other injecting 0.5 ml. 10~-* polysac- 
charide dilution and testing the mice after the seven-day period 
with variations of 8-hour culture beginning with 0.5 ml. 10-* up 
to 0.5 ml. 10-* dilution in logarithmic series. Inasmuch as this 
latter method avoids the zonal effect of the former, it alone has 
been given in these experiments. 

The determination of the acetyl group was carried out by a 
modification of the Pregl technic. This modification seemed 
necessary because it was found that by the original method most 
simple sugars apparently contained an acetyl group as measured 
by the amount of distillable acid. To obviate this difficulty, a 
trap was devised which, judging from tests with glucose, pre- 
vented the distillation of the acid degradation products of this 
carbohydrate. The method also gave theoretical values for glu- 
cose pentacetate, as well as other non-volatile organic acetates. 
Moreover, the work of Nef (1914), and of Evans (1926) showed 
the possibility of breaking up complex sugars into a mixture of 
various acids by acid or alkali treatment. Thus, it seems impera- 
tive that the acid distilled from the various polysaccharide 
preparations be identified. Three methods have been tried: 
first, the one used by Avery and Goebel, the silver salt of acetic 
acid; second, the Reid method (1917) of crystallization with 
p-nitrobenzylbromide in alcohol; and third, the lanthanum-nitrate 
iodine—spot test of Kriiger and Tschirch (1929, 1930), which is 
positive only with propionic and acetic acids. Briefly, it may be 
stated that it has been impossible to isolate silver acetate from 
any SSS preparations made by the calcium phosphate method. 
With the Reid method, crystals were obtained with consider- 
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able regularity but in no case was the melting point found to be 
78°C.—some were higher, some lower, varying from 84° to 72°C. 
Whether these crystals were uniform was not determined, inasmuch 
as insufficient material was obtained for purification by recrystal- 
lization, with one exception in which the melting point of both 
first and second crystallization products was 72°C. However, 
the lanthanum-nitrate iodine test for acetic acid was ideal with 
respect to sensitivity and practicability for the purpose at hand. 
The technic was the same as reported by the originators, and con- 
sisted of the use of 0.05 ml. sample with 0.05 ml. of 5 per cent 
lanthanum nitrate, 0.05 ml. N/100 iodine solution, and 0.05 ml. 
normal ammonium hydroxide. The reaction was carried out 
on the usual cupped spot plate. The distillate from a given 
sample, generally from 20 mgs. material, was titrated with 
sodium hydroxide in the usual manner and then evaporated to 
dryness, and the precipitate dissolved in 0.5 ml. water. This 
solution was then tested as above indicated. In addition, to 
rule out a possible inhibitory action, to a 0.05 ml. sample was 
also added 0.05 ml. of N/100 sodium acetate and a test made, 
along with a control of the same amount of acetate in water. 
However, in the preparations tested, no inhibitory action was 
found. It is pertinent to add that 30 organic acids were tested, 
and none, with the exception of propionic and acetic as suggested 
by the authors, gave a positive test. The test is unmistakable as 
it is a deep blue color depending in intensity on the amount of 
acetic acid present. Under the conditions of our test, 0.05 ml. 
of 0.02 normal sodium acetate gave a positive reaction. 


EXPERIMENT I 
Effect on antigenicity of treatment with ammonium hydroxide 


The first experiment shows the influence of ammonium hy- 
droxide (sp. gr. = 0.89) on the antigenicity of two preparations, 
one made by the calcium phosphate and the other by the Heidel- 
berger method. To 100 mgs. of each dissolved in 100 ml. water 
was added an equal volume of ammonium hydroxide (sp. gr. = 
0.89) at room temperature, and the mixtures held for 18 hours. 
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The polysaccharide was then precipitated with alcohol and ether, 
washed thoroughly with alcohol and then with ether, and dried in 
a vacuum desiccator over calcium chloride. As can be seen 
from table 1, the nitrogen and the glucose number changed but 
little with this treatment. However, there was a greater change 
in the sample made by the Heidelberger method than in the 
calcium phosphate preparation. (Hereinafter called H and F 
preparations respectively.) There was an increase in precipitin 
titer of the F preparation, and a decrease of the H. The optical 


TABLE la 


Effect on antigenicity of treatment with ammonium hydroxide 


prem | “ACETIC 














saurct ise ee ee | SS hee 
TEST 

percent per cent [ per cent re 
P192(F). 4.28 | 24.00 1:2,500,000 7.53 Neg. +120 
P192(F) + NH,OH 4.35 | 24.24 | 1:5,000,000 1.08 Neg. +170 
P192(H). a 3.13 | 23.40 1:5,000,000 | 2.69 Neg. +140 
P192(H) + NH,OH 2.73 | 21.60  1:2,500,000 | 1.33 Neg. +160 

Immune precipitable nitrogen 

DILUTIONS OF SAMPLES 
SAMPLE use —_= . 
1: 2500 1: 5000 1: 10,000 1: 15,000 1: 20,000 

P192(F) 0.370 0 302 0.264 0.199 0.160 
P192(F) + NH,OH 0.434 0.306 0.286 0.222 0.173 
P192(H) 0.380 0.342 0.304 0.264 0.180 


P192(H) + NH,OH 0.388 0.334 0.266 0.264 0.176 





rotation was increased in both preparations. A comparison of 
the initial preparation of both shows that there was a slight 
difference in immune precipitable nitrogen of the H over the F; 
but after treatment with ammonium hydroxide, the reverse was 
true. The differences to be stressed in this report, however, are 
the amount of acid distillable under vacuum, the result of a test 
in this distillate for acetic acid, and the antigenicity of the two 
preparations. From 20 mgm. of the F preparation, there was 
7.5 per cent distillable acid, and of H 2.69 per cent; after treat- 
ment with ammonium hydroxide both were decreased to approxi- 
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mately 1 per cent. However, neither preparation gave a positive 
test for acetic acid with the Kriiger and Tschirch spot test. The 
antigenicity of the F sample was not altered, and of the H perhaps 


TABLE 1b 
Effect on antigenicity of treatment with ammonium hydroxide 
Mouse immunity against Type I culture 





DILUTIONS OF CULTURE 
SAMPLE DILUTED 10°* 





7 
5 | 
7 








10-4 1+ =6| 10% 

| 18* S 8s | 8 94 8 
| 8 Ss s | 8 s s 
alin Alipay | § 8 a oe s s 
| § Ss 8 8 s s 
| S S oe s S 
(| 18 S 2 | 8 S s 
|| 20 Ss s s s s 
P192(F) + NH.OH.......4| 46 s 8 8 s | 8 
| § s s s s | 8 
| Ss Ss Ss Ss Bio we 

| | 
18 | 24 S | 66 4 | 8 
/ |} 18 | 40 B- +2 4 | 8 
ey eee | 18 Ss Ss Ss Ss Ss 
| 8 s Eka Se. 
| 8 | 8 | 8 aoe wo oe 

} | | 
(| 18 | 40 | 40 9 | S | 4 
[| 24 9 | 40 8 S. tna 
P192(H) + NH.OH...... | el ie oe ee S484 nS 
| @- i. @- i-4-4-8 s 8 
| 8 s s s s | 8 

i J | 
| ite Ae 20 
Culture control.......... 18 24 20 
18 2 | 





* Numbers refer to hours of survival; S indicates survival. 


slightly reduced, with ammonium hydroxide treatment. Thus, 
it would appear from this experiment that the preparations of 
SSS by the two methods yielded a product with no demonstrable 
acetyl group and yet with high antigenic activity in white mice. 
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EXPERIMENT II 


Effect on antigenicity of treatment with sodium hydroxide and 
ammonium hydroxide at room temperature for 24 hours 


In the second experiment, the effect of normal sodium hy- 
droxide and of ammonium hydroxide (sp. gr. = 0.89) is compared 
on two preparations made by the calcium phosphate and the 


TABLE 2a 


Effect on antigenicity of treatment with sodium hydroride and ammonium hydroride 
at room temperature for 24 hours 





GLU- DIs- ACETIC 


saurL ‘2.0 SS S| SS | | 
BER ACID TEST ‘ 
per cent per cent per cent per cend 
P191(F) 3.64 9.96 1:5,000,000 1.83 | Neg. | +210 
P191(F) + N NaOH 4.01 6.84 1:5,000,000 1.40 Neg +210 8&5 
P191(F) + NH,OH 3.81 7.08 1:5,000,000 0.99 Neg. +240 80 
P194(H)... 3.08 23.64 1:5,000,000 4.52 ++ +200 
P194(H) + N NaOH 2.75 8.40 1:5,000,000 | 0.65 | Neg. . 84 
1:5,000,000 | 1.7 


P194(H) + NH,OH. 3.58 21.00 


2) + ° 80 


Immune precipitable nitrogen 


DILUTIONS OF SAMPLES 





SAMPLE on —— ” — _ - 

1:2500 1: 5000 1:10,000 1:15,000 1: 20,000 

P191(F).... ; ; 0.308 0.292 0.286 0.286 0.238 
Pi91(F) + N NaOH 0.396 0.336 0.294 0.284 0.286 
P191(F) + NH,OH 0.360 0.364 0.354 0.322 0.284 
P194(H)..... 0.540 0.540 0.392 0.350 0.320 
P194(H) + N NaO 0.360 0.360 0.248 0.236 0.230 


P194(H) + NH,OH 0.334 0.318 0.318 0.310 0.314 





* Insufficient sample. 


Heidelberger methods respectively. The same general technic 
was carried out as in the previous experiment. Significant differ- 
ences in the two original untreated preparations may be seen in 
table 2. The F preparation was low in glucose number, in dis- 
tillable acid, and in immune precipitable nitrogen, as compared 
to the H preparation. It would also appear, inasmuch as the 
spot test for acetic acid was positive, that the H preparation 
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contained acetyl groups: the original was positive, the one 
treated with normal sodium hydroxide at room temperature 
negative, and the one with ammonium hydroxide positive. It 


TABLE 2b 


Effect on antigenicity of treatment with sodium hydroxide and ammonium hydrozide 
at room temperature for 24 hours 


Mouse immunity against Type I culture 





DILUTIONS OF CULTURE 
SAMPLE DILUTED 10°* 








we | 1 | oe | lo | le | lt 
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(| 18 Ts s | 8s 
P191(F) + N NaOH ip. wae SE ee ee 
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(| 18 ern’ @& 1s | 8 
P191(F) + NH,OH {, 18 i €° e+: % s 
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TRIM | 18 Retesae Ba s 
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(| 18 is | S | 8 8 8 
P194(H) + N NaOH.....4) 8 2 & | @.t-8 s 
| s op i Sa ae s 
| | 
(| sg o/s /|s/|s |] 8 
P194(H) + NHOH......{| §  ) 2 s | s | 8 
| s S s s si 
| | 18 | 18 22 
Culture control........... { 18 18 22 
\| 20 22 24 





* S indicates survival; numbers refer to hours of survival. 


should be pointed out however that the H method of preparation 
utilizes a high concentration of sodium acetate, and there is a 
possibility of residual acetate absorbed on or mixed with the 
polysaccharide, sufficient to give at least a positive spot test. 
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This individual preparation was not purified by dialysis as a last 
step; but one other sample made by the H method was so purified, 
with the result that the acid distilled from vacuum gave anegative 
test for acetic acid. However, it is not our intention at this 
time to prove the presence of acetyl groups on the polysaccharide 
prepared by the Heidelberger method, but rather to show that, 
if present, the acetyl group is not essential for the production of 
active immunity inwhite mice. This seems to be definitely shown 
in table 2b. In the first place, the original preparation by the 
F method contained no acetyl groups, and yet was equal if not 
superior in antigenicity to the sample prepared by the Heidel- 
berger method, Inthe former, both sodium hydroxide and am- 
monium hydroxide seemed to decrease antigenicity slightly, while 
in the latter there was no apparent change in the sample treated 
with sodium hydroxide from which the acid distilled gave a 
negative test for acetic acid. On the other hand, in the case of the 
two original samples, the amount of protein precipitated differed 
significantly (F, 0.308; H, 0.540). However, after treatment 
with sodium hydroxide and ammonium hydroxide this activity 
was approximately the same in both. This is a confirmation of 
the observations of Heidelberger, and Avery and Goebel, that 
treatment with alkali decreases the antibody precipitating 
activity of Type I polysaccharide. 


EXPERIMENT III 


Effect on antigenicity of treatment with phosphoric acid and with 
p-toluene sulfonic acid at 100°C, 


A more definite proof that the acetyl group is not essential 
for antigenicity of Type I polysaccharide is shown in this experi- 
ment in which a study was made of the two preparations after 
hydrolysis with the same amount of acid used for the saponifica- 
tion of the acetyl group. Fifty milligram samples of each were 
hydrolyzed with 1 ml. 5 per cent phosphoric acid, and also with 
1 ml. 5 per cent p-toluene sulfonic acid, by heating for 20 minutes 
at 100°C. The acid solution was then precipitated with alcohol 
and ether, this precipitate dissolved by addition of sufficient 
sodium hydroxide to bring hydrogen ion concentration to neu- 





588 LLOYD D. FELTON AND BENJAMIN PRESCOTT 


trality, reprecipitated with alcohol, and dried. The H sample 
was chosen because the distillate from it gave a positive test for 
acetic acid. In table 3, it is seen that the initial preparations 
were very much alike as to nitrogen, glucose number, precipitin 
titer, and amount of distillable acid, but differed in that the one 
gave a negative test for acetic acid and the other a positive test. 


TABLE 3a 


Effect on antigenicity of treatment with phosphoric acid and with p-toluene sulfonic 
acid at 100°C. 





| ACETIC | OPTI- 
up| “fem: | “ta 


ACID 


PRECIPITIN 
TITER SPOT | ROTA- 
TEST TION 


a | 

Loe eontiper cunt per cont | |per cent} 
| 

| 

| 





| 
P191A(F) sien 0.60 breed pe Neg. 


PI91A(F) + H;PO,..... 
PI91A(F) + p-tol. sul- 
co aces eee 


+100 
+80 


| +90 

| +200 
P194(H) + HsPQ,....... | 
P194(H) + p-tol. sul- | | 
fonic acid | | 3.18 


23 
| 
| 
aha 


22.54 0.0 | 1:5,000,000 | 0.65 | Neg. | 





Immune precipitable nitrogen 





DILUTIONS OF SAMPLES 





1:2500 | 1:5000 | 1:10,000 | 1:15,000 | 1: 20,000 





P191A(F) | 0.526 | 0.426 | 0.262 | 0.242 | 0.187 
PI9IA(F) + HPO, | 0.342 0.322 | 0.228 | 0.222 | | 0.186 
P191A(F) + p-tol. sulfonic acid | 0.314 | 6.258 | 0.248 | 0.228 | 0.156 

| 0.540 | 0.540 | 0.392 | 0.350 | 0.320 
P194(H) + HsPO, 0.342 | 0.314 | 0.302 | 0.250 | 0.220 
P194(H) + p-tol. sulfonic acid...........| 0.364 0.348 | 0.314 | 0.264 | 0.236 





On the other hand, after saponification, all preparations yielded 
a small amount of distillable acid, yet all gave a negative test 
for acetic acid. The amount of immune precipitable nitrogen in 
the initial preparations again was somewhat less with the F 
preparation than with the H; but after saponification, both 
preparations were essentially the same in this respect. On the 
other hand, no difference was observed in the antigenicity of these 
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preparations before and after saponification with acid in the 
amount customarily used for deacetylation. That the amount 
of acid and the conditions for saponification were adequate is 


TABLE 3b 


Effect on antigenicity of treatment with phosphoric acid and with p-toluene 
sulfonic acid at 100°C. 


Mouse immunity against Type I culture 





DILUTIONS OF CULTURE 
SAMPLE DILUTED 10°* 


10 10 1o-* 10" 





PI91A(F) 


PI91A(F) + H,PO, 


PI91A(F) + p-tol. sulfonic acid 


P194(H) 


RRR 


P194(H) + HsPO, 


DRM 


P194(H) + p-tol. sulfonic acid 


DMD 


Culture control 


88s 
|S5ss8 DRRnh DRM DOD BOOM 





* Numbers refer to hours of survival; S indicates survival. 


shown by the fact that the H preparation which gave acetic acid 
originally in the distillate was negative after treatment with 
either phosphoric or p-toluene sulfonic acid. 
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DISCUSSION 


The issue in this report is the significance of the acetyl group 
on the Type I pneumococcus polysaccharide in relationship to 
antigenicity. The study has been a comparison of preparations 
isolated by the calcium phosphate method and by the revised 
method of Heidelberger. To date, seven preparations have been 
made by the Heidelberger technic each from 18 to 36 liters of 
broth; three of the preparations gave a negative test for acetic 
acid and four positive. The amount of distillable acid varied 
from 2 to 7 per cent. At no time was the acetyl group demon- 
strated on preparations made by the calcium phosphate method; 
while Heidelberger has reported the existence of this group on 
the SSS as prepared by him. It should be added that many 
preparations have been made by a technic similar to that of the 
recent work of Avery and Goebel, and with many modifications, 
with the result that no correlation was found between the amount 
of distillable acid after acid hydrolysis and antigenicity for mice. 
The differences in these findings from those of others made a 
comparative study of the two products imperative. The proof 
of the contention of Avery and Goebel would be, of course, de- 
acetylation followed by acetylation with a study of the three 
compounds. Repeated attempts to replace the acetyl group 
have not been successful in the sense of demonstrating an in- 
creased antigenicity in the acetylated product. Although it was 
found possible to acetylate the alkali-treated polysaccharide, 
the final compound was different in solubility and other char- 
acteristics, and yet unaltered in antigenicity. Consequently in- 
stead’ of acetylation after saponification, indirect methods were 
used: first, treatment with ammonium hydroxide, and sodium 
hydroxide at room temperature, and, second, hydrolysis with 
phosphoric acid and p-toluene sulfonic acid in the concentration 
used generally for saponification. Treatment with alkaline rea- 
gents of two samples prepared by different methods, one with 
and one without acetyl groups, did not decrease the antigenicity 
of the final product. This is true, despite the fact that the one 
from which acetic acid was originally obtained, after treatment 
with sodium hydroxide at room temperature, no longer yielded 
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acetic acid in the distillate. In other words, alkaline hydrolysis 
which removed acetyl groups did not decrease antigenicity. In 
the same way, a sample prepared by each of the two methods, 
one with and the other without acetyl groups, when hydrolyzed 
with phosphoric or p-toluene sulfonic acid, maintained the same 
antigenicity as the original before acid-heat treatment. The 
preparation by the Heidelberger method contained originally 
4.5 per cent distillable acid and gave a positive test for acetic 
acid. After acid hydrolysis, the acid was reduced to 0.52 per 
cent with phosphoric acid, and 0.65 per cent with p-toluene sul- 
fonic acid. Furthermore, the small amount of distillable acid 
gave a negative test for acetic acid. Yet there was no apparent 
decrease of antigenicity for white mice from that of the original 
preparations. The same is true of the sample prepared by the 
calcium phosphate method, in all respects, except that the dis- 
tillable acid of the originai preparation gave a negative test 
for acetic acid. 

From the experiments given in detail here, and from others, 
it would appear that the acetyl group on the Type I polysac- 
charide has no bearing upon its antigenic activity for white mice 
or for men. Other changes noted in the polysaccharide by the 
treatments described here, such as decrease in immune pre- 
cipitable nitrogen by alkaline treatment with no decrease in 
precipitin titer, are similar to those obtained by Heidelberger, 
and Avery and Goebel, and others. In addition, the variation 
in glucose number from some samples without demonstrable 
glucose to those having as high as 36 per cent, would indicate as 
previously stated that antigenicity is due to a definite structural 
configuration upon which glucose molecules are bound. But 
these in themselves are not essential to insure antigenicity. It 
is believed that immunological specificities, such as the amount 
of protein precipitated or precipitin titer, vary depending upon 
the complete polysaccharide, but that antigenicity is related to 
a certain organic structure so far not defined. 


SUMMARY AND CONCLUSIONS 


A study of the effect on antigenicity for white mice of both 
alkaline and acid treatments of the polysaccharide of Type I 
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pneumococcus prepared by both Heidelberger and calcium phos- 
phate methods yielded the following results: 

1. Ammonium hydroxide (sp. gr. 0.89) at room temperature 
caused but little alteration in nitrogen content, glucose number, 
precipitin titer, immune precipitable nitrogen, or optical rotation. 
Distillable acid after acid hydrolysis of one Heidelberger prepara- 
tion was reduced from 7.53 to 1 per cent and of a calcium phos- 
phate product from 2.69 to 1 per cent; yet neither distillate gave 
a positive spot test for acetic acid after vacuum distillation. 
Antigenicity of both preparations remained almost unchanged. 

2. Treatment at room temperature with normal sodium hy- 
droxide produced no change in the immunizing titer of either 
sample. Yet the Heidelberger material which originally showed 
the presence of acetic acid in the vacuum distillate, now gave a 
negative test. Treatment with ammonium hydroxide was with- 
out effect on antigenicity. The acid in the distillate, reduced 
from 4.52 to 1.72 per cent, gave a positive test for acetic acid. 

3. Acid hydrolysis at 100°C. with either 5 per cent phosphoric 
acid or 5 per cent p-toluene sulfonic acid destroyed the acetyl 
groups present on the Heidelberger sample, and yet produced no 
change in antigenicity. Also this same treatment on a calcium 
phosphate preparation produced no alteration in antigenicity. 
From these findings, the conclusion is definite that the presence 
or absence of acetyl groups on Type I pneumococcus polysac- 
charides, prepared either by the recent Heidelberger method or 
the calcium phosphate method, is of no significance for its anti- 
genicity in white mice. 

, REFERENCES 


Avery, O. T., anv Gorset, W. F. 1933 Chemoimmunological studies on the 
soluble specific substances of pneumococcus. I. The isolation and 
properties of the acetyl polysaccharide of pneumococcus Type I. 
J. Exptl. Med., 68, 731-755. 

Enpers, J. F. 1930 Type specific substance distinct from specific carbohydrate 
in pneumococcus Type I. J. Exptl. Med., 62, 235-252. 

Enpers, J. F., anp Wu, C.J. 1934 An immunological study of the A substance 
or acety: polysaccharide of pneumococcus Type I. J. Exptl. Med., 60, 
127-147. 

Evans, W. L., Epear, R. H., anp Horr, G. P. 1926 The mechanism of carbo- 
hydrate oxidation. IV. The action of potassium hydroxide on d- 
glucose and d-galactose. J. Am. Chem. Soc., 48, 2665-2681. 














IMMUNIZING SUBSTANCES IN PNEUMOCOCCI 593 


Fe.ton. L. D. 1931 The correlation of the protective value with the titers of 
other antibodies in Type I antipneumococcus serum. J. Immunol., 
21, 341-356. 

Fe.ton, L. D. 1932 Dissociation of the specific protein precipitate of anti- 
pneumococcus horse serum, and a comparison with a protein isolated 
by chemical means from this immune serum. J. Immunol., 22, 453- 
467. 

Fe.tton, L. D., KaurrmMann, G., anp Staui, H. J. 1935 The precipitation of 
bacterial polysaccharides with calcium phosphate. Pneumococcus. 
J. Bact., 29, 149-161. 

Fe.ton, L. D., aNnp Prescott, B. 1936 Studies on the immunizing substances 
in pneumococci. V. The effect of alkalis on the immunizing properties 
of a Type I pneumococcus polysaccharide. Bull. Johns Hopkins 
Hosp., 59, 114-128. 

HEIDELBERGER, M., anv Avery, O. T. 1923 The soluble specific substance of 
pneumococcus. J. Exptl. Med., 38, 73-79. 

HEIDELBERGER, M., KENDALL, R. E., anp Scuerr, H. W. 1936 The specific 
polysaccharides of Types I, II, and III pneumococcus. A revision of 
methods and data. J. Exptl. Med., 64, 559-572. 

HEIDELBERGER, M., S1a, R. H. P., anp KENDALL, F. E. 1930 Specific precipita- 
tion and mouse protection in type I antipneumococcus sera. J. Exptl. 
Med., 52, 477-483. 

Kricer, D., anp Tscutrcu, E. 1929 The blue color of basic lanthanum acetate 
and iodide. A specific test for the acetate ion. Ber. deut. chem. Ges., 
62, 2776-2783. 1930 The iodine-starch problem. II. The colored 
iodine compounds of basic salts of the rare earths. 63, 826-836. 1930 
Spot test for acetic acid and for propionic acid. Mikrochemie, 2, 
337-338. 

Ner, J. U. 1914 Dissociation reactions in the sugar group. III. Behavior of 
sugars towards caustic alkali, alkali carbonates and bicarbonates and 
different salts of organic acid. Liebigs Ann. Chem., 403, 204-383. 

Rew, E. E. 1917 Identification of acids. J. Am. Chem. Soc., 39, 124-136. 

Sarto, T., aND Uxricn, W. 1929 Uber die gewinnung des spezifischen Kohle- 
hydraten der II-Pneumokokken und seine chemische Eigenschaftenn. 
Z. Hyg. Infektionskrankh., 109, 163-169. 

ScHiEMANN, O., anp Casper, W. 1927-28 Sind die spezifisch pracipitablen 
Substanzen der 3 Pneumokokkentypen Haptene? Z. Hyg. Infek- 
tionskrankh., 108, 220-257. 

Sevac, M. G. 1934 Eine neue physikalische Enteiweissungsmethode zur 
Darstellung biologisch wirksamer Substanzen. Biochem. Z. 273, 
419-429. 

Wapsworts, A. B., anpD Brown, R. 1933 Chemical and immunological studies 
of the pneumococcus. III. Cellular carbohydrate fractions. J. 
Immunol., 24, 349-368. 

Zozaya, J., AND CLaRK, J. 1933 Active immunization of mice with the poly- 
saccharides of pneumococci types I, II and III. J. Exptl. Med., 57, 
21-40. 




















PROCEEDINGS OF LOCAL BRANCHES OF THE 
SOCIETY OF AMERICAN BACTERIOLOGISTS 
EASTERN NEW YORK BRANCH 
Division OF LABORATORIES AND RESEARCH, ALBANY, SEPTEMBER 29, 1939 


ELECTROPHORESIS METHODS FOR THE 
ISOLATION AND CHARACTERIZATION 
or BroLoGcicaLLy ImporRTANT Svus- 


STANCES. Arne Tiselius, Professor 
of Biochemistry, University of 
Upsala, Sweden. 


INDIANA BRANCH 
Purpvs University, West Lararette, INDIANA, May 12, 1939 


Avuxtn Propuction sy Sort Micro- 
orcanisms. J. L. Roberts and E. 
Roberts, Agricultural Experiment 
Station, Purdue University, West 
Lafayette, Ind. 

One hundred and fifty species of 
bacteria (73 species), molds (39 
species), and actinomycetes (38 
species), from Indiana soil have been 
tested to determine their capacity to 
produce auxin when grown on beef- 
extract peptone agar and a synthetic 
agar containing a mineral base with 
asparagine, glucose, and ammonium 
sulphate. Streaked plates were used. 
All the organisms studied were aerobes. 
After incubation, an agar block with a 
volume of ten cubic millimeters was 
cut from beside a colony and the auxin 
content determined by Avena tests. 
No attempts were made to identify the 
various species studied or the auxins 
produced. The frequency distribu- 
tion, in percentage of species tested 
producing auxin on beef-extract pep- 
tone agar, was as follows: gram-nega- 
tive rods 79, gram-positive rods 73, 
cocci 84, (average of all bacteria tested 
77), molds 46, and actinomycetes 66. 


The average number of plant units 
of auxin produced in 10 cubic milli- 
meters of agar by the various groups of 
microorganisms was as follows 
cluding cultures which produced no 
auxin): gram-negative rods 20, gram- 
positive rods 19, cocci 21, (average of 
all bacteria tested 20), molds 14, and 
actinomycetes 18. 

On the synthetic medium 23 gram- 
positive rods, 11 gram-negative rods, 
4 cocci, 14 molds, and 23 actinomycetes 
were tested. Twelve gram-positive 
rods, seven gram-negative rods, one 
coccus, and two actinomycetes were 
found capable of synthesizing auxin 
from the synthetic medium. The 
average number of plant units of auxin 
produced in the 10-cubic-millimeter 
synthetic agar test block by the various 
groups of organisms was as follows 
(excluding cultures which produced 
no auxin): gram-negative rods 21, 
gram-positive rods 19, cocci 17, and 
actinomycetes 16. 


(ex- 
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W. H. Brown, Agricultural Experi- 
ment Station, Purdue University, 
West Lafayette, Ind. 

A comparison of the various labora- 
tory and short field tests devised for 
the detection of the presence of the 
phosphatase enzyme in determining 
the adequacy of pasteurization of dairy 
products has been made to determine 
the accuracy of each method and to 
determine the possible inaccuracies 
that may occur which are not directly 
due to the technique involved. The 
tests were applied primarily to butter 
to determine whether or not the cream 
from which the butter was made had 
been adequately pasteurized. 

The results show that the concentra- 
tion of the phosphatase enzyme is 
greater in cream than in milk. This 
indicates that, if the standard for 
properly pasteurized milk is to be used 
for cream, the temperature and time 
for the pasteurizing of cream must be 
proportionally increased. 

It has been found that when butter 
made from properly pasteurized cream 
is allowed to remain without refrigera- 
tion for a few days, a positive phospha- 
tase test will be secured. 

The evidence secured indicates that 
the Kay and Graham, the Gilcreas and 
Davis and the Scharer techniques are 
nearly equal in the detection of in- 
adequately pasteurized dairy products. 
Of the short field tests, the sensitivity 
of the modified test is much greater 
than that of the original Scharer 
method. 


Sopium Lauryt SuLrate BrRotTH FOR 
CourrorM Detection. E.R. Hupp, 
Indianapolis Water Co., Indianap- 
olis, Ind. 

The use of 0.02% sodium lauryl sul- 
fate in standard lactose broth for the 
enrichment of water samples has been 
suggested by Cowles (J. Am. Water 
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Works Assoc., June 1938) to prevent the 
growth of spore-forming gas formers 
without affecting the development of 
coliform organisms. This is desirable 
in order to obtain final results of an 
examination earlier ahd to reduce 
laboratory work. 

In one series, 118 positive presump- 
tives were obtained in standard lactose 
broth, none of which confirmed. In 
lauryl broth, there were no positive 
enrichments. 

One series produced 77 coliform or- 
ganisms in standard lactose broth and 
79 in lauryl broth. Another series 
produced 134 coliforms in standard and 
124 in lauryl broth. 

The last series produced substan- 
tially the same results obtained with 
brilliant green. The work is being 
continued. 


Srup1es oF NEUTRALIZING ANTIBODIES 
Propucep By PuriFieD RaBigEs 
Vaccine. G. E. Hines, Jr., Biology 
Dept., Purdue University, West 
Lafayette, Ind. 

The work presented in this thesis 
represents an attempt to show that 
purified avirulent rabies vaccine is 
capable of producing detectable anti- 
bodies in the serums of vaccinated 
animals. 

To this end an in vitro neutralization 
test, utilizing white mice, was used. 
Equal amounts of the serum and virus 
dilutions were mixed, incubated for 
two hours and then injected intra- 
cranially into white mice. The serums 
to be tested were obtained at two-week 
intervals following the completion of 
the vaccination treatment. Certain 


variables attending this test were 
eliminated by appropriate experi- 
ments. 

The results of the tests seemed to 
indicate that the purified avirulent 
vaccine was capable of producing viri- 
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cidal antibodies. The highest neu- 
tralizing action of the serums was 
present at four weeks, then slowly 
declined. 

The serum from the rabbit receiving 
ten daily doses of ten ml. of the purified 
vaccine neutralized ten times the 
amount of virus as the serum from the 
rabbit receiving ten daily doses of 2 ml. 
of a 1% unpurified avirulent vaccine. 


ANTIVIRUS PropvucTion FOoLLOwING 
INOCULATIONS WITH CONCENTRATED 
Puririep Rapies Vaccine. C. A. 
Behrens and G. D. Canatsey, Biology 
Dept., Purdue University, West 
Lafayette, Ind. 

Serums from rabbits vaccinated 
subcutaneously with 0.2 and 2.0 ml. 
and intravenously with 2.0 ml. of con- 
centrated purified rabies vaccine were 
investigated for neutralizing anti- 
bodies. 

By in vivo protection tests, in which 
the antiserum was injected into white 
mice 48 hours prior to intracerebral 
injection of the virus, no neutralizing 
antibodies were demonstrated. By 
allowing the antiserum-virus reaction 
to occur in vitro at 37°C. followed by 
intracerebral introduction of the virus, 
antibodies apparently were shown to 
be present. 

The serum from an animal receiving 
2 mi. vaccine per day exhibited much 
greater viricidal power than that 
obtained from the rabbit vaccinated 
with 0.2 ml. The antibody production 
after vaccination subcutaneously with 
2 mi. per day for a ten-day period 
apparently reached a peak four weeks 
after vaccination at which time 50% 
of the mice survived 1,000 M.L.D. of 
the virus. The intravenous adminis- 
tration of 2 ml. vaccine per day for ten 
days resulted in serum six weeks efter 
vaccination which permitted 50% of 
the mice to survive over 200 M.L.D. as 





LOCAL BRANCHES 597 


compared with 75 M.L.D. for the serum 
from rabbits six weeks after receiving 
2 mi. vaccine per day subcutaneously 
for the ten-day period. 


PROTECTION AGAINST Rapiges. I. THE 
EFrrect oF FREQUENCY OF DosaGE 
OF VACCINE UPON ImmuNitTy. J. M. 
Moss, Lilly Research Laboratories, 
Indianapolis, Ind. 

Many clinicians feel that, when 
starting of treatment is delayed, due 
to late diagnosis in the biting animal 
or in bites in close proximity to the 
central nervous system in exposure to 
rabies, it is advisable to give multiple 
daily injections of rabies vaccine in 
an attempt to stimulate a more rapid 
response of antibody formation. It 
has been the author’s experience that 
immune response is retarded by too 
frequent injections of antigens. 

To demonstrate that this point holds 
in immunization against rabies, seven 
groups of rabbits were immunized with 
a varying number of daily doses of 
rabies vaccine, ranging from four to 
one injection daily. Five groups re- 
ceived a total of fourteen injections of 
vaccine prepared by the Harris Method 
(attenuated vaccine). Two groups 
received vaccine prepared by the Sim- 
ple Method (phenolized vaccine); one 
group receiving fourteen inoculations 
and the other, twenty-one inoculations 

All groups were bled at varying in- 
tervals on the same date. Serum-virus 
neutralization tests were made by 
intracerebral injection into mice. Ti- 
tration against two minimum lethal 
doses showed little variation in re- 
sponse. Response to serum-virus neu- 
tralization with sixteen minimum 
lethal doses revealed a marked varia- 
tion in response. Multiple daily doses 
seem to retard early response as well 
as the duration of immunity. The 
earliest immune response with the 
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longest duration of immunity to rabies 
vaccine is obtained by the administra- 
tion of single daily doses of vaccine 
made by the Harris Method (attenu- 
ated vaccine). 


FLOCCULATION 
L. Y. Mazzini, 
of Health, 


A New Rapip S.IpE 
Test For SyPHILIs. 
Indiana State Board 
Indianapolis, Ind. 
Mazzini described a slide floccula- 

tion test for the diagnosis of syphilis 

based on the use of beef heart and egg 
yolk extract, which has been shown to 
possess a high degree of specificity and 
sensitivity. By means of titrations 
the antigen is standardized to eliminate 
fluctuation in the sensitivity of every 

new lot of antigen. It employs a 

buffered saline solution by means of 

which daily fluctuations in the sensi- 
tivity of the antigen suspension are 
largely eliminated. The test requires 

a very small amount of serum for its 

performance. To the patient’s serum, 

previously heated, a drop of antigen 
suspension is added, the slide is then 
rotated for four minutes and the results 
are read immediately under the low 
power of the microscope. The antigen 
suspension is ready for use at any given 
time for as long as 24 hours. Certain 
unsatisfactory features common to 
some flocculation tests have been 


eliminated, yielding a simplified 
technic. 
BACTERIOLOGICAL OBSERVATIONS: 


From Wueat TO Breap. G. K. 
Ashby, Mead Johnson & Co., Evans- 
ville, Ind. 


LOCAL BRANCHES 


Factors influencing bacterial de- 
teriorations of bread were studied in 
bakeries and flour mills. Samples of 
baking ingredients were analyzed for 
“rope’’ producing organisms. 

Creases in grains of wheat carry bac- 
teria and mold spores through the 
mill’s cleaning and tempering proc- 
esses. In the mill, particularly under 
the first break and in the spouting after 
the first bolt, excellent conditions exist 
for bacterial and mold growth. 

Conditions in bakeries approached 
both extremes of cleanliness. Slicing 
and wrapping of bread are conducive 
to molding and bacterial deteriora- 
tions. The most commonly over- 
looked source of contamination in 
bakeries is the pipe leading from the 
tank-scales to the dough mixer. In- 
gredients found to contribute largest 
numbers of ‘“‘rope’’ bacteria were 
powdered milk and flour, especially 
whole wheat. 

Methods of controlling ‘‘rope’’ in- 
clude purchasing ingredients on bac- 
terial specifications, sanitation, acidi- 
fication, and disinfection. 

Acetic acid, 2.5%, prevents growth 
of the vegetative cells but merely in- 
hibits germination of the spores. 

Fumigation with 3 ounces of formal- 
dehyde per 1,000 cu. ft. kills the several 
“rope’’ species (Bacillus), but 2 ounces 
does not. Incrustations containing 


shortening or other greasy material 
definitely decrease efficiency of fumi- 
gation. 

Hypochlorite spray containing 1200 
p.p.m. available chlorine is effective, 
but 600 p.p.m. is not. 

















THE ENDOGENOUS RESPIRATION OF 
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I. CHANGES IN THE RaTE OF RESPIRATION WITH THE 
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I, INTRODUCTION 


A starving bacterial cell may continue to respire for some time; 
Mycobacterium tuberculosis for example, retained an appreciable 
respiration, even after starving for 15 days, (Loebel, Shorr and 
Richardson, 1933). Stier and Stannard (1935) found that the 
respiration of yeast was also resistant to starvation, and proposed 
the term “‘endogenous respiration” to describe the respiration of 
starved cells. Bacillus cereus has a large endogenous respiration 
which persists for some time. These organisms are all gram- 
positive. Sevag (1933) has suggested that this character is 
related to high endogenous respiration, for he found that butyric 
acid bacilli with a low endogenous respiration failed to retain 
Gram’s stain. Evidence is given below which shows that, in the 
case of B. cereus, the gram-positive character and the high endog- 
enous respiration are both associated with a high content of 
fats in the cell. 


II, EXPERIMENTAL METHODS 


A strain of B. cereus was used, isolated from a bacon slime by 
the writer in 1933, and developed from a single cell culture. The 
strain corresponds closely in physiological characters with that 
preserved by the Lister Institute for type cultures (no. 2599), but 
it has a lower optimum temperature, (25 instead of 30°C.) and 
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forms very long cells in young cultures, especially in nutrient 
broth. 

Standard cultures were produced as follows. A tube culture 
was made in broth every 24 hours; and when a culture had been 
incubated at 25°C. for 24 hours 1 ml. was removed for seeding each 
agar plate on which the cells for an experiment were grown. The 
broth had the composition: 


Glucose ; - ; <a 20 gm.| A 
Distilled water... .. ane ae Paes. ks 500 ml.) ” 
i cknasndeaas steht ee Ecertgh 4. nual wineiaitic dea <sne gm.\ 5 
Pork extract ' ; ; — : ere, « » 


the two solutions being sterilised separately, and the pH of B 
adjusted to 7.0, while hot, with 40 per cent caustic potash; the 
solutions were then mixed in equal proportions: the solid medium 
had the same composition with the addition of 2 per cent Difco 
Bacto-agar. Plates and tubes were incubated over-night at 
25°C. before inoculation, in order to avoid temperature shock. 
One milliliter of the 24-hour old broth culture was seeded onto 
each plate, and spread by means of a bent glass rod. The cells 
were incubated at 25°C. until they reached the age required. 
The growth from the plates was suspended in distilled water, 
shaken, and separated by centrifuging. This process was then 
repeated twice, in distilled water or buffer solution as the case 
might require. The thrice-washed and shaken suspension was 
filtered through a Schott sintered glass filter, porosity G3, into 
a vessel so arranged as to permit of aeration and dilution of the 
suspension under aseptic conditions. In this vessel the suspen- 
sion was diluted with distilled water or buffer solution, to the 
same turbidity as a standard barium sulphate suspension, so 
chosen that the bacterial suspension contained about 10 mgm. 
dry weight of cells per ml. of suspension. A vigorous stream of 
air was then passed through the diluted suspension for 15 minutes, 
and after which 1.5 ml. of suspension was measured into each 
manometer; other solutions were added to these samples in por- 
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tions of 1.5 ml. Dry weights were determined by drying out a 
sample of suspension in air at 105°C. for 24 hours. 

The oxygen absorption was determined in Barcroft differential 
manometers, shaken with a traverse of 2.5 cm. at 95 cycles per 
min. in a water-bath maintained electrically at 25 + 0.05°C. To 
absorb carbon dioxide, 0.4 ml. of 40 per cent caustic potash was 
used, with 2 sq. cm. of Whatman no. 40 filter paper (Dixon 1934); 
with this absorbent and the rate of shaking given, experiments 
showed that the manometers would measure rates of oxygen 
uptake as high as 1,000 c.mm. per hour. 

Measurements of size, and percentage of gram-positive cells, 
were made on samples of aqueous suspensions dried in air at room 
temperature. The films were stained by Jensen’s modification of 
the Gram stain, and the organisms then measured with an eye- 
piece micrometer. 

The fat content of the cells was estimated by a modification of 
the method recommended by Leathes (1925). The cells were 
dried at 105°C. and the dry weight determined. The residue was 
treated with 65 per cent caustic potash for 1 hour on the water- 
bath, an equal volume of alcohol added, and the whole refluxed 
for 1 hour. The extract was treated with 40 per cent sulphuric 
acid, and the fatty acids taken up in petrol ether by shaking for 
1 hour and estimated by weight after evaporation of the ether 
and desiccation in vacuo. The fatty fraction determined in this 
way is larger than that obtained by direct extraction with petrol 
ether, for it contains the fatty acids from structural lipoids, which 
are of interest in connection with the staining reaction. 


Ill, EXPERIMENTAL DATA 


With this material, three phases of respiration could be dis- 
tinguished, whatever the age to which the cells had been grown. 

1. At first the rate of oxygen uptake decreased. When the 
period of aeration was omitted from the preparation of the sus- 
pensions, this phase was prolonged correspondingly and the initial 
rate of respiration was much higher. It could also be prolonged 
by reducing the degree of agitation during washing of the cells, 
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but it was not shortened by washing a greater number of times. 
The duration of this phase was greater the older the cells, as is 
shown in figure 2. It was not appreciably altered by a consider- 
able reduction in temperature (curve f, fig. 2). 

2. During the next phase, the changes in respiration depended 
very markedly on the age of the cells. 
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Time in hours. 
Fic. 1. Toe ENpoGENovs RESPIRATION aT 25°C. or CELLS oF B. ceREUs GROWN 


To Dirrerent Aces: (a) 12-Hour Cuitrurs, (b) 18-Hour Cutrurge, 
(c) 24-Hour-CuLtTuRE 


(a) With cells from cultures less than 18 hours old at 25°C. 
(i.e. in the logarithmic phase of growth), the rate of consumption 
of oxygen rose steadily, to rather high values in the case of cells 
12 hours old (curve a, fig. 1). The behavior of 18-hour-old cells 
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(curve 6) was similar but less marked. The 12-hour cultures 
consisted of long cells (20-50) united in chains; in the course of a 
respiration experiment the total number of cells increased about 
10 times, and the length of the cells fell to 3—5u. 

(b) With cells 24 hours old or more (i.e. from the stationary or 
senescent phases of growth), the total number of cells did not 
change appreciably, nor did the rate of uptake of oxygen for a 

















Time in hours. 


Fic. 2. Tae EnpoGenovs RESPIRATION OF CELLS OF B. cEREUS GROWN TO 
DIFFERENT AGES 


(c) cells 24 hours old, measured at 25°C., (d) cells 48 hours old, measured at 
25°C., (e) cells 72 hours old, measured at 25°C., (f) cells 24 hours old, measured at 
1°C. The phases of respiration are indicated by arrows. 


period of several hours. The rate of endogenous respiration 
during the period of constancy was lower the older the cells 
(curves c-e, fig. 2). At the end of this phase of respiration, the 
viable count was always less than 1 per cent of the total number 
of bacteria. 

3. In the final phase, the rate of absorption of oxygen declined 
following an exponential course with time for at least 10 hours 
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(curve B, fig. 3). Precautions were taken to ensure that con- 
taminating organisms were absent, that oxygen was adequate, 
and that carbon dioxide did not accumulate in the manometers. 
This decline of respiration was common to cells of all ages. 

The presence of salts did not interfere with the appearance of 
these phases of respiration; low concentrations caused a slight 





Qo, On a logarithmic scale. 
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i. 





Time in hours since the preparation of the 
Suspensions. 


Fic. 3. Tae Deciine, at 25°C, In THE RaTE or Uptake or OxYGEN By CELLS 
or B. cereUs SusPENDED IN (A) 0.01M — (B) Distittep Water (C) 
0.6M Na 


increase and higher concentrations a decrease in the rates of 
respiration. It was noted, in particular, that with mature cul- 
tures the level of respiration during the second, constant, phase 
could be changed by sodium chloride, without altering the time at 
which the respiration began to decay. 

To test the possibility that some inhibitor might be produced 
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during respiration, a sample of cells was aerated in distilled water 
for 20 hours at 25°C., and the suspending fluid centrifuged off. 
This might be supposed to contain the inhibitor. Samples of a 
freshly-prepared suspension were then diluted with an equal 
volume of distilled water, or the solution centrifuged from the 
starved cells. It was found that the respiration of the suspension 
containing “‘inhibitor’” (in half the concentration present in the 
starved suspension) was about 5 per cent less than that of the 
normal suspension. However, the pH of the normal suspension 
was found to be 6.5 at the end of this experiment, and that of the 
treated suspension 7.0. This difference accounts for the differ- 
ence between the rates of respiration, so that the ‘inhibitor’ was 
a substance making the suspensions more alkaline. After 20 
hours starvation, the pH of a normal suspension was 7.5, and this 
wa: «aot alkaline enough to account for the low respiration 
observed. 

The lost respiration could not be restored by feeding with 
glucose. With starving 24-hour-old cells in the phase of con- 
stant respiration, the Qo. (= c.mm. oxygen per hour per mgm. 
dry weight) was raised roughly from 20 to 40 by the addition of 
glucose. When the Qo» of endogenous respiration had fallen to 5, 
addition of glucose raised the Qo, only to 7.5. Thus the increase 
in respiration due to glucose was only } of that attained earlier, 
a fall greater in proportion than that of endogenous respiration. 
The increase in rate of respiration was independent of glucose 
concentration within the range 0.005-0.5 M; a similar state of 
affairs has been reported to occur with Sarcina lutea (Gerard 
and Falk, 1931). 


vols. CO 
It was found that the respiratory quotient (Ra. ~ vols. O ') 


remained low throughout. With cells 24 hours old, respiring at 
25°C. in phosphate buffer at pH 6, it had an initial value of 0.5; 
during the second phase of respiration it remained roughly 0.6, 
and rose gradually to 0.7 after 15 hours. Analysis of cells of 
B. cereus showed that the low R.Q. was accompanied by a dis- 
appearance of fat from the cells. Starvation for 23 hours at 25°C. 
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reduced the fat-content from 4.2 per cent to 1.0 per cent of the 
dry weight. The loss of fat was accompanied by a diminution in 
the volume of the cells, and by a loss of the ability to retain 
Gram’s stain. These changes are shown in table 1. 

B. cereus is normally gram-positive, and even in old cultures 
all the cells retain stain. Starving of 24-hour-old cells for only 
5 hours was sufficient to make half of the cells gram-negative, 
and even those which continued to retain the stain held it only 
in small granules, apparently on the margin of the cells. The 
microscopic appearance of the cells at different stages of starva- 


TABLE 1 


Changes in fat content, cell-volume, and Gram reaction, during starvation of 24- 
hour-old cells of B. cereus at 25°C. 





HOURS OF ENDOGENOUS |FATTY ACIDS AS PERCENT-| AVERAGE VOLUME OF PERCENTAGE OF CELIS 
RESPIRATION aT 25°C. AGE OF DRY WEIGHT A CELL (g*) RETAINING ANY STAIN 


4.2 100 

62 
58 
2.4 43 
46 
25 


12 , 25 
13 , 34 
15 d 16 
23 1.0 ‘ 8 











The average volume and percentage of gram-positive cells were determined 
for 100 cells by two independent observers. 





tion was in keeping with the supposition that the diminished 
volume of the cells resulted from a loss of their outer layers. 


IV. DISCUSSION 


An initial phase of falling respiration has been observed to 
occur with Sarcina lutea by Gerard and Falk (1931). They 
attributed it to the accumulation of an oxygen debt from asphyxia 
during the washing of the cells, the debt being met gradually as 
the cells became saturated with oxygen. Shoup (1929) has shown 
clearly that such an oxygen debt is accumulated during anaero- 
biosis. The relations to washing and aeration support the view 
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that this took place with B. cereus. The unduly large uptake of 
oxygen would account for the low R.Q. If the process were 
controlled by the diffusion of oxygen into the cells, one would 
expect it to be largely independent of temperature, as was the 
case. Moreover, the increased duration when older cells were 
used may be an expression of their lower permeability. 

With actively-dividing cells from young cultures division 
appears to have been continued on suspension in distilled water, 
without any corresponding increase in cell material. The high 
rate of respiration associated with this process presents analogies 
to the high rates of metabolism observed when bacterial cultures 
emerge from the lag phase of growth by the cleavage of large 
cells into smaller cells of normal size. (Martin, 1932; Bayne- 
Jones and Adolf, 1932; Walker et al. 1934). 

With mature cells there seemed to be a period of equilibrium 
with the menstruum, for no division occurred and the respiration 
remained constant. This has been observed in B. subtilis (Cal- 
low, 1924) and in yeast (Stier and Stannard, 1935). The equi- 
librium was disturbed by some cause which brings about an expo- 
nential decline with time in the rate of respiration. This might 
be attributed to (i) death of the cells, (ii) the production of some 
inhibitor during respiration at the end of the period of equilibrium, 
(iii) the exhaustion of a food-supply once it is reduced below a 
certain critical level or (iv) the decay of the enzyme systems of the 
cells according to a monomolecular law. 

(i) It has been shown, e.g. by Rahn (1929), that under certain 
conditions the viable fraction of a population of cells may remain 
constant for some time and then decline, the decline being roughly 
exponential with time only in its later stages. Although the 
general behaviour of endogenous respiration was similar, the 
decline was exponential throughout. Moreover, the interpreta- 
tion in the case of viability depends on the fact that this is an 
“all or none” property: there is no evidence that the respiration 
of a single cell ceases abruptly in the same way. The changes in 
endogenous respiration were not directly related to the viability 
of the cells, since it was reduced to one-hundredth without any 
corresponding change in respiration. This probably took place 
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principally during the first phase of respiration, for Winslow and 
Brooke (1926) found the viability of washed cells of B. cereus to 
be reduced by 99 per cent after exposure to distilled water for 
1 hour. Dieckman (1934) quotes many instances in which, 
during a period of constant respiration, the number of viable 
cells fell to an insignificant proportion of the whole. 

(ii) An experiment has already been described which showed 
that specifically inhibiting substances were not responsible for 
the low respiration of starved suspensions. Their alkalinity was 
probably due to the production of ammonia and carbon dioxide 
(compare Shaughnessy and Winslow, 1927), the latter being 
removed by the potash in the manometers while the ammonia 
accumulated in the suspensions. 

(iii) Working with yeast cells more than 2 days old, Stier and 
Stannard (1935) observed phases of constant respiration and of 
exponential decay with time. They believed that this repre- 
sented the exhaustion of the glycogen reserve, and that decay set 
in directly its concentration fell below a critical value. This 
conclusion was based on 3 observations. The first two of these 
were that glycogen disappeared and that the R.Q. remained 1 
thraughout endogenous respiration; these facts proved that a 
carbohydrate was the substrate of respiration. The third was 
that sugar fed to starved cells caused a large increase in respira- 
tion, the R.Q. remaining 1; this showed that the enzyme system 
attacking carbohydrate was intact after starving. This hypothe- 
sis does not apply to B. cereus, for two reasons. Firstly, when 
the rate of utilisation of the food reserve was diminished by salt, 
the period of constant respiration was not prolonged (curve C, 
fig. 3). Secondly sugar-feeding indicated that the respiratory 
enzymes were destroyed during starvation, those oxidising glucose 
even more than those responsible for endogenous respiration. 

(iv) The data of Martin (1932) demonstrated that there is a 
close relation between the surface area of a bacterial cell and the 
rate at which it utilises oxygen; this would occur if the amount of 
the respiratory enzymes were related to the area of the superficial 
layers of the cell. The simultaneous diminution in the size of 
cells of B. cereus and in their ability to retain Gram’s stain sug- 
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gests that it was these outer layers that were respired away; two 
observations indicated that this was fatty material. The low 
R.Q. was associated with a fall in the total fatty acids of the cell; 
Stephenson and Whetham (1922, 1923) found that low values 
of the R.Q. were associated in Mycobacterium phlei with the oxida- 
tion of fat in the cell. Secondly, Churchman (1929) and Burke 
and Barnes (1929) have shown that the power of retaining Gram’s 
stain lies in the outer sheath of bacteria, which agrees with the 
microscopic appearance of starved cells of B. cereus, while Jobling 
and Peterson (1914) and Tamura (1914) have shown that the 
gram-positive character is associated with fat in the cell, an 
association confirmed for B. cereus. 

If it be supposed that during the third phase of endogenous 
respiration (1) the outer sheath and respiratory enzymes were 
destroyed at a rate proportional to the rate of respiration, and 
(2) that the rate of respiration was proportional to the amount of 
enzymes remaining, we have 


_dE 


a ~ Xs 


(where EZ, is the amount of enzyme remaining at any instant) 


and thus 
In E, = C — K.t 


(C and K constant) whence 
log R, = log R, — K’-t 


(t being measured from the instant at which the decline of res- 
piration begins) 


This is the relation represented by the falling straight lines of 
figure 3, the slopes of the lines representing values of K’. Thus 
the exponential decline of endogenous respiration may be related 
to the destruction by respiration of an outer, fatty, gram-positive 
sheath of the cell, containing the respiratory enzymes. 

Sevag (1933), from a study of butyric acid bacilli, came to a 
similar conclusion. These bacilli were gram-positive in young, 
and gram-negative in old cultures. Data were obtained which 
are shown in table 2. 
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The loss in the ability to retain Gram’s stain was concomitant 
with a diminished endogenous respiration, and a corresponding 
loss of the ability to utilise added sugar. In these cases the 
changes in respiration were almost certainly due, in the main, to 
the differing ages of the cells, since there are similar but smaller 
differences in the respiratory activity of cells of B. cereus at dif- 
ferent ages without any change in the gram-reaction. However, 
Sevag also stated that the same changes could be brought about 
by starving butyric acid bacilli, and that during starvation the 
cells became smaller. These statements, which are amply con- 
firmed by the data presented above for B. cereus, led Sevag to 
the same conclusion: that the respiratory enzymes, and the loci 


TABLE 2 
Intensity of respiration and Gram reaction in butyric-acid bacilli 
(Calculated from the data of Sevag, 1933) 





PERCENTAGE Qo, IN: 
OF GRAM-POSITIVE 
CELLS 


AGE OF THE PARENT 
CULTURE 





Buffer + giucess * 





hours 
44 6 
24 55 

92 


14 











retaining Gram’s stain, are situated in the ectoplasm of the cells, 
and are respired away during starvation. 


Vv. SUMMARY 


When cells of Bacillus cereus, grown on nutrient agar at 25°C. 
for less than 24 hours, are washed and suspended in distilled water 
or buffer solution cell-division continues, and gives rise to an 
unusually high rate of respiration. 

If the cells are 24 hours old, or older, no cell division occurs, 
and the endogenous respiration passes through three phases. 

The first phase usually lasts less than two hours. Its duration 
is greater with older cells, but is not much affected by tempera- 
ture. The large uptake of oxygen is attributed to the satisfac- 
tion of an oxygen debt arising from asphyxia during washing. 
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The second phase lasts about five hours at 25°C. and during 
this time the rate of respiration remains constant. The magni- 
tude of this constant rate decreases with increasing age of the cells. 

During the third phase, the rate of respiration declines expo- 
nentially with time. The time which elapses before this phase 
of respiration begins is largely independent of the rate of respira- 
tion with cells of any given age, which suggests that the decline in 
respiration is not brought about by the failure of a food supply. 

During endogenous respiration the cells diminish in size and 
lose their fatty materials and their gram-positive reaction. The 
low R.Q. (0.7) indicates that the fat is probably destroyed by 
respiration, and this apparently leads to the loss of the outer 
gram-positive sheath of the cells. The exponential decline of the 
respiration accords with the view that the respiratory enzymes 
are destroyed during this phase, and thus associates the respira- 
tory enzymes with the gram-positive sheath of the cell. 

The addition of sodium chloride does not destroy the three 
phases of endogenous respiration. Its effect on respiration may 
therefore be measured with convenience, by comparing the con- 
stant rates of respiration during the second phase, in the presence 


and absence of salt. 
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I. INTRODUCTION 


This paper deals with the action of salts on respiration in the 
absence of substrate—the endogenous respiration of Stier and 
Stannard (1935). The use of substrates which permit cell 
division has been avoided because salts influence cell multiplica- 
tion, creating difficulties in interpreting the results in terms of the 
effect of the salts upon respiration. Moreover, measurements of 
gaseous exchange in the presence of substrate may give a mis- 
leading picture of the respiratory activity of a bacterial suspension 
owing to the existence of copcurrent anabolic reactions, even 
where the number of cells does not change, as in the case of washed 
cells (Giesberger, 1936; and Barker, 1936). The effects of the 
components of the buffer mixture were first assessed, since they 
were expected to be similar to those of other salts. Thus, the 
investigation was begun by studying the effect of salts in unbuf- 
fered solutions without substrate, and the data so obtained were 
applied to the interpretation of experiments in which the effect 
of salts was studied in buffered solutions. 


II. EXPERIMENTAL PROCEDURE 


The comparison of the effects caused by a variety of salts 
necessitated the preparation of a series of cultures of the same 
physiological age, washed so as to remove external nutrients. 
Suspensions of these cells were mixed with salt solutions, and the 
consumption of oxygen was then followed in manometers. 
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The conditions under which the cells were grown have been 
given elsewhere (Ingram, 1939). It was found that cells 24 hours 
old at 25°C. had a large endogenous respiration, maintained at a 
constant level for several hours after the preparation of a suspen- 
sion; and as it was desirable to have some constant value, to 
which the rates of respiration in salt solutions might be referred, 
cultures were incubated for 24 hours in these experiments. The 
growth was washed in the centrifuge, once in distilled water and 
then twice in distilled water or in buffer solution as the case 
required. The washed suspensions were shaken and filtered, and 
diluted to a fixed turbidity, corresponding to 10 mgm. dry weight 
of cells per milliliter, checked by determining the dry weight of a 
sample of the suspension after drying at 105°C. for 24 hours. 
The diluted suspension was then aerated for 15 minutes, after 
which portions of 1.5 ml. were measured into the flasks of Barcroft 
manometers and 1.5 ml. of salt solution was added to each sample. 
Each manometer flask thus contained a given number of cells in 
a given volume of salt solution. The rates at which the treated 
samples took up oxygen were then measured at 25°C. (In- 
gram, 1939). 

Solutions were made in distilled water, containing about 30 
parts per million of copper. The salts used were “Analar’’ 
reagents, except for the chlorides of lithium and cerium which 
were of ‘“‘technical’’ purity. 


Ill. EXPERIMENTAL DATA 
Preliminary experiments 


At the outset, it was necessary to decide whether the action 
of salts depended on the amount of salt present in relation to the 
number of bacteria, or on the concentration of the salt. Normal 
experiments would not have distinguished between these two 
possibilities, for equal numbers of cells were always added to the 
same volume of each salt solution. Special experiments were 
therefore carried out, with suspensions of cell-content 2.5,5 and 
10 mgm. dry weight per milliliter. It was found that the rate 
of oxygen uptake by each of these three suspensions was reduced 
in the same proportion after the addition of 0.6 M sodium chlo- 
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ride. Thus it was presumed that the rate of endogenous respira- 
tion in a salt solution was determined solely by the concentration 
of salt present, and that it was legitimate to array rates of respira- 
tion against molar concentrations of salts in the suspensions. 

All the data were handled in this way. The rates of oxygen 
absorption were steady rates attained about 100 minutes after 
the addition of the salts to the freshly-prepared bacterial suspen- 
sion; they are expressed as percentages of those in the absence of 
added salts, that is, of the rates in distilled water or in buffer 
solution. Measurements of the rate of respiration in a salt 
solution were reproduced to within 5 per cent in duplicate experi- 
ments, when calculated as percentages of the rate in the absence 
of salt. The variation was due to differences in the susceptibility 
of the bacteria to salt solutions, rather than to errors in the meas- 
urement of the respiration. 

The action of salts on respiration was found to be reversible. 
For example, addition of 1.0 M sodium sulphate to an aqueous 
suspension reduced the rate of respiration to one-tenth of the 
initial value; yet when the cells were centrifuged out after one 
hour in sodium sulphate and washed and re-suspended in distilled 
water, the rate of respiration returned to its initial value within 
20 minutes. It appears that salts do no permanent injury to the 
respiratory system. 


Data obtained with unbuffered suspensions 


All the salts investigated behaved in the same way; in low 
concentrations they increased the rate of uptake of oxygen by 
Bacillus cereus and in high concentrations they reduced it. 

The rates of endogenous respiration in the presence of small 
amounts of a number of salts are given in table 1. The range of 
concentration, over which stimulation occurred, was lower, the 
greater the valency of the cation. The concentrations of the 
chlorides of 1-, 2- and 3-valent cations which maintained the rate 
of respiration at the same value as in distilled water were roughly 
0.1 M, 0.01 M, and 0.0001 M respectively. On the other hand, 
sodium chloride, sulphate, and citrate, exerted a stimulating 
action at concentrations less than 0.2, 0.2, and 0.05 M respec- 
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tively; these concentrations are so much more nearly alike that 
it may be supposed that the nature of the anion was of minor 
importance compared with that of the cation. 

In table 1 are included a series of measurements made upon 
cells suspended in lactose solutions. These were made in order 
to determine the extent to which the osmotic pressure of the 
solution might affect the respiration of cells suspended in it. 
This sugar is not attacked by the strain of B. cereus used in these 
experiments. The rate of respiration was shown to be practically 


TABLE 1 


The increased rate of respiration in the presence of low concentrations of salts 





wUM- | MOLARITY OF SALT PRESENT 
BER OF | 


|BXPERI-| — —_———_- — ‘a — 
Vuxwrs | 0.0005 | 0.001 | 0.002 | 0.005 | 0.01 |0.02! 0.05 | 0.1 | 02 


Lactose | | é 102 | 105 | 98 08) 98 99 | 

| | | 
NaCl eae’ | 120 | 110} 104} =| 108 
_ Sane 106) | | 106 
LiCl | 128116) 115 | 119) 83 


NH.Cl | 104 113) | 94 





NasC,H sO7 


| | | | | 
Na:SO, | | 109} | 107] | 105 
| 


5 | 104 | 62 
| } } 


| | | } 
CaCl, 4 | u9 | | 7 92 | 
MgCl; | | | | | 101 | 
> | Concentration |0.000050. aa 0. ad (0 .006,0.01 
| 2 4| Respiration 104 | 102 | 81 | 63 | 43 | 
| \\pH | 5.66 | 5.58 | 5.30 | 5.064.60) 


| 
} 
} 


CeCl; 





independent of lactose concentration up to 0.2 M, which indicates 
that salts do not increase respiration by changing osmotic 
pressure. 

The data relating to the chloride of a trivalent metal, cerium 
chloride, are included in table 1. They are not directly compa- 
rable with those for other salts by virtue of the acidity developed 
in the solutions. (It would have been possible to overcome this 
condition by the addition of alkali along with complex ions to 
keep the trivalent hydroxide in solution, but the interpretation 
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of the data appertaining to such solutions would have been diffi- 
cult.) It would appear that the chloride of the trivalent metal 
was a more potent inhibitor than those of mono- or di-valent 
metals, but the concentrations of hydrogen-ions in the solutions 
were such that it was impossible to ascribe the decrease in respira- 
tion to the salt alone. 

A study of the inhibition of respiration under the influence of 
more concentrated salt solutions showed that, above a certain 
limit of concentration, the rates of absorption of oxygen fre- 
quently approximated to those given by the equation 


logr = P—Q.c. ..... (1) 


(where r is the rate of uptake of oxygen, c the concentration of 
salt in the suspension, and P and Q are constants for a given salt). 
By plotting log r against c a linear relation was obtained, whether 
r was measured in absolute or in relative units, for multiplication 
of the value of r merely changed the value of P. Thus, in the 
figures, the percentage rates of respiration (referred to a suspen- 
sion without salt) are plotted on a logarithmic ordinate, against 
the salt concentration on a linear abscissa. (With this arrange- 
ment, the value of Q is given by the slope of the line log r/c, and 
the value of P by the intercept of the line on the ordinate axis. 
Q is a measure of the proportion in which respiration is decreased 
by a given increase in salt concentration. P corresponds to the 
logarithm of a fictitious rate of respiration in the absence of salt, 
which is usually higher than that actually observed, since the 
rate of respiration passes through a maximum value at low salt 
concentrations; this portion of the respiration/concentration 
relation is not shown in figures 1 and 2, which portray only that 
range of salt concentrations over which equation (1) has been 
found to hold good.) 

Figure 1 shows how closely the respiration obeyed equation (1) 
within the appropriate range of concentration. Roughly speak- 
ing, equation (1) was valid directly there was any considerable 
inhibition of respiration. Figure 1 shows, in addition, that the 
value of Q increased with the cations of alkali metals in the order 
K+, Na+, Li+, the values being 0.32, 0.68 and 0.90 respec- 





618 M. INGRAM 


tively. Anomalous data were obtained with ammonium chloride. 
At concentrations less than 0.4 M the inhibition was about the 
same as that of potassium chloride, but it increased very rapidly 
at concentrations approaching 1.0 M. This was probably 
caused by the increased acidity (pH = 5.3 in 1.0 M solution). 
The action of salts of divalent cations is demonstrated by magne- 
sium and calcium chlorides. These salts were more powerful 
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Fia. 1. Tae INHIBITION OF RESPIRATION BY CONCENTRATED SOLUTIONS OF 
METALLIC CHLORIDES 


inhibitors of respiration than those of the alkali-metals. Magne- 
sium chloride was found to be slightly less potent than calcium 
chloride, although the associated values of Q and hence the slopes 
of the lines in figure 2 were about the same (2.24 and 2.37 re- 
spectively). The way in which the inhibition of respiration 
varied among sodium salts containing different anions may be 
seen in figure 2. The degree of inhibition caused by a given 
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concentration of a sodium salt increased with the valency of the 
anion. The values of Q for the chloride, sulphate, and citrate, 
calculated from figure 2, are 0.68, 1.27, and 1.58 respectively. 
Mixtures of sodium and calcium chlorides were observed to 
give rise to effects similar to those caused by these salts taken 
separately. Three combinations of these’ salts are possible, 
where (a) both are present in stimulating concentrations, (b) one 
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Fig. 2. Tue Rate or ResPrRaTION IN CONCENTRATED SOLUTIONS OF DIFFERENT 
Sopium Sats 
is present in stimulating, the other in inhibitory concentration, 
and (c) where both are present in inhibitory concentrations; 
these three possibilities are represented under corresponding 
letters in table 2. In dilute mixtures (a) there was slightly 
greater respiration than in either of the components alone, the 
greatest respiration occurring in a solution with a Na+/Ca++ 
ratio of 10:1. Wilson (1922) has shown, correspondingly, 
that Ringer’s solution lowers the viability of bacteria less than 
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physiological saline. A similar state of affairs was found in 
case (b) where the weakly inhibitory action 0.02 M CaCl, was 
converted into a considerable stimulation of respiration by the 
presence of nine times its concentration (0.18 M) of NaCl. But 
in mixtures with more calcium, the rate of respiration was lower 
than in either salt alone, and this was even more striking when 
both salts were present in inhibitory concentration. 


TABLE 2 


The rates of respiration in unbuffered mixtures of sodium and calcium chlorides 


: CORRESP. 
TOTAL NaCl CaCl Na+ RESPIRA- | EQUIV. CONC. aa —— 
MOLARITY 4 Ca++ TION JaCl* Naclt 


M M 
(a) 0.03 0.03 127 | 0.03 108 


0.03 137 | 0.033 107 
0.03 ' 139 0.04 106 


0.24 = | 103 
0.28 90 
0.40 «| 70 


0.18 | 0. 9: 117 
0.16 | ; : 87 
0.1 | 0. : 14 


0.9 1 | 9: 
0.8 2 71 
5 


10 1.4 25 


24 <1 2.0 8 


| 
| 
30 | 1.2 30 
| 
0.5 | 0. | 


*+ The figures in these columns represent (*) a concentration = (the con- 
centration of NaCl present + 3 times that of the CaCl, present) and (ft) the 
respiration corresponding to this concentration of sodium chloride. 





Data obtained in buffered solutions 


The concentrations of hydrogen ions were not the same in 
suspensions containing different neutral salts because different 
salts affect the buffering action of a bacterial suspension in differ- 
ent ways (Shaughnessy and Falk, 1924). Divalent cations 
prevented the production of alkaline substances more than mono- 
valent cations, giving more acid suspensions. To compare the 
effects of salts on respiration at a more nearly constant pH, 
experiments were carried out in buffered solutions. 

It was found that a mixture of disodium hydrogen and potas- 
sium dihydrogen phosphates was satisfactory, if the total con- 
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centration was small. The cations present behaved as in other 
salts. The pH of an aqueous suspension of B. cereus remained 
at about 6.15 during the period of constant respiration, and the 
rate of respiration in phosphate buffer at this pH was some 3 per 
cent greater than that in distilled water. The total concentra- 
tion of Na+ and K+ in this buffer was about 0.03 M, so that 
the increase of respiration corresponded with that obtained with 
other salts (cf. table 1). In buffer solution of pH 6.0, containing 
0.028 M K+ and 0.01 M Na+ (Sorensen, 1909) the rate of 
respiration was 3 per cent lower than in buffer of pH 6.15; this 
drop in respiration is consequent upon the small movement in the 
acid direction away from the pH of optimum respiration (about 
6.5). Thus, the rate of respiration in buffer at pH 6.0 was the 
same as that in distilled water, and the experiments were carried 
out at pH 6.0 so as to make the data in buffered solutions numeri- 
cally comparable with those for unbuffered solutions. 

The data derived from this series of experiments are set out 
in table 3, which shows that in buffered suspensions the general 
effect of salts was the same as in unbuffered suspension, with 
slight changes in the magnitude of the induced phenomena. 
Thus, comparison of the data given in tables 1 and 3 for sodium 
chloride, and sodium sulphate shows that in the case of each salt, 
low concentrations brought about a greater stimulation of respira- 
tion in the presence of the buffer than in the unbuffered suspen- 
sions. The stimulating action of low concentrations of a salt 
thus appears to have been increased by greater acidity. 

Two salts were used which were found to cause a marked 
inhibition of respiration, even at low concentrations; these were 
sodium nitrite and potassium cyanide. The data are given in 
table 3. Those relating to the nitrite solutions show that there 
was a stimulation of respiration in the most dilute solutions, of 
the same order as that observed with other salts of alkali metals, 
the toxic effects of the anion becoming apparent only at higher 
concentrations. The data relating to potassium cyanide are 
only approximate, because hydrolysis of this salt was accelerated 
by reaction between potash and the hydrogen cyanide from the 
gas phase in the manometer flasks; this gave rates of respiration 
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which increased with time, as the inhibition was reversible. The 
data are calculated from the initial rates of respiration, and are 
more reliable the more concentrated the solution to which they 
refer. 

The rates of uptake of oxygen, in buffered suspensions con- 
taining considerable concentrations of sodium chloride, did not 
yield a straight line when log r was plotted against c. The 
respiration was more strongly inhibited at high salt concentra- 


TABLE 3 
The rate of respiration in salt solutions buffered at about pH 6.0, in 
0.033 M phosphate 


MOLARITY OF SALT PRESENT 
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a | 
ai 
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MgCl, 


tN tw te 


NaNO, | 2 | 124) | 97; 64 3) 0 
KCN ...| 2 | 75 39! 32) ‘| 20! 20 


tions than in the unbuffered solutions (cf. fig. 1 and table 3). 
This was probably because the addition of salts to a phosphate 
buffer causes the pH to change in the acid direction (Green, 1933), 
and change of pH to values more acid than 6 contributes to the 
lowering of respiration with B. cereus. 

Observations made in buffered solutions are a little difficult 
to interpret, as the buffer salts might be expected to exert antag- 
onistic influences on other ions added to the solutions. Thus, 
the relatively greater increase in respiration caused by sodium or 
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potassium chloride when in buffered solution might have been 
attributed to a disturbance of the Na+/K-+ ratio following the 
addition of Na+ or K+; but as the two chlorides behaved simi- 
larly, this did not seem likely. This was borne out by the further 
observation that addition of a mixture of sodium and potassium 
chlorides caused alterations in the rate of respiration, intermediate 
between those caused by either salt added separately. Mix- 
tures of sodium and potassium nitrates behaved in the same way, 
(with the exception of one anomalous experiment in a mixture of 
0.067 M total concentration, giving a low average), confirming 
the observations in solutions of the mixed chlorides (cf. table 3). 


IV. DISCUSSION 


The data presented in section III justify the conclusion that 
all salts act similarly, the differences lying in the concentration 
of each salt needed to produce a given effect. Winslow and Dol- 
loff (1928) reached the same conclusion from studies of the vi- 
ability of EH. coli. It is therefore unlikely that the increased 
respiration in the dilute salt solutions resulted from the replace- 
ment of ions leached from the cells during washing. The two 


salts found to influence the respiration of B. cereus in an unusual 
manner are both known to stand in special relation to cellular 
respiration. Sodium nitrite, especially in acid solutions, causes 
a reduction in the activity of dehydrogenase systems (Quastel 
and Wooldridge 1927). This has been interpreted as the result 
of a reaction between nitrous acid and the amino-groups of the 
dehydrogenases (Myrbiick, 1926). Potassium cyanide inhibits 
the cytochrome system (Keilin, 1929) and the present writer 
found on spectroscopic examination that B. cereus contains 
cytochrome. About 20 per cent of the respiration in B. cereus 
appears to be cyanide-stable. 

Cerium chloride in rather low concentrations was found to 
inhibit respiration, but in this case the inhibition may probably 
be attributed in part to the high acidity of the solution as well as 
to the polyvalent nature of the cerium ion, except in the most 
dilute solutions. The effects of dilute solutions of sodium, 
calcium and cerium chlorides in increasing the endogenous 
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respiration of B. cereus were the same at concentrations roughly 
in the ratio of 1000:100:1. Buffering of the suspensions at a 
slightly more acid pH made no appreciable difference: the stimu- 
lating action of the salts was perhaps increased a little. Further, 
it was shown that the stimulating effects of different sodium salts 
were much the same, so that the anion of the salt can be little 
concerned in causing increased respiration. 

Nicolai (1926) observed an increase in the rate of uptake of 
oxygen by different bacterial species in buffered glucose solutions 
in the presence of salts. He interpreted his data in terms of 
osmotic pressures of the salt solutions, and decided that for 
salts of alkali metals the optimum respiration occurred at 
an osmotic pressure 1.5 times that of blood with Escherichia 
coli, and 1.0 times that of blood with staphylococci. He ob- 
served, however, that calcium and magnesium chlorides in 
equivalent concentrations depressed the rate of respiration of 
the staphylococci, and this leads one to doubt the validity of 
the interpretation which he placed upon his results. The ex- 
periments in which lactose was added to suspensions of B. cereus 
showed that the endogenous respiration must be independent 
of osmotic pressures up to 10 atmospheres, and that the effects of 
dilute salt solutions cannot be attributed to osmotic causes. 

Fabian and Winslow (1927), after an examination of the vi- 
ability of EZ. coli in the presence of different sodium salts, con- 
cluded that the changes in viability were accounted for by differ- 
ences in pH and in Na+ concentration between the different 
solutions, the action of the anions of the salts being negligible. 
This conclusion is similar to that reached from a study of the 
respiration of B. cereus. The absence of any effect due to the 
anions, and the ratios 1000:100:1 between equivalent concen- 
trations of 1, 2 and 3-valent cations, recall the similar relations 
found when salts precipitate electro-negative colloids. Winslow, 
Falk and Caulfield (1923) have shown that the cell of B. cereus 
is electro-negative at any pH between 3 and 10, but this does not 
prove that the proteins concerned in respiration are electro- 
negative. It is hard to imagine how flocculation of a protein 
could be directly related to increased rate of respiration; never- 
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theless, one must suppose that the same property of the cations 
is concerned in the two processes. 

The inhibitory powers of metallic cations, measured by the 
values of Q in the equation 


log r= P—Q.c. ... (1) 


differed in accordance with a Hofmeister series, the anomalous 
behaviour of NH, + being explained by the acidity of its solutions. 
The ions Na+ and Ca++ or Mg++ were equally potent in 
concentrations roughly as 3:1; it is not possible to form a reliable 
estimate of the inhibition caused by trivalent cations. The 
inhibitory powers of anions are also difficult to decide. For 
example, at a given molarity of salt the concentration of sodium- 
ion is approximately three times in sodium citrate, and in sodium 
sulphate twice that in sodium chloride solution; thus solutions 
of these salts may be compared on the basis of equal content of 
Na+ by dividing the appropriate values of Q (log r/c) by 1, 2 
and 3. This gives Q the values of 0.68, 0.63 and 0.53 for the 
chloride, sulphate, and citrate, the differences between these 
ralues being due to the different anions. Thus, substitution of 
chloride by sulphate, or of sulphate by citrate, results in a reduc- 
tion of the value of Q, despite the fact that under the conditions 
of comparison a given concentration of chloride would be re- 
placed by only half that concentration of sulphate, or one-third 
that concentration of citrate. Increasing the valency of the 
anion of a salt thus reduces the potency of the cation as an in- 
hibitor, and in this sense anions and cations may be termed 
antagonistic. At the same time, a change in the valency of the 
cation results in an increase in the value of Q greater than the 
decrease resulting from a corresponding difference in the valencies 
of a pair of anions, so that the inhibition due to salt is determined 
mainly by the cation. 

The data obtained by Brooks (1919, 1920), measuring the 
inhibition of respiration by Bacillus subtilis in concentrated salt 
solutions, may be shown to accord with an equation similar to 
(1). The relative potencies of Na+ and Ca++ or Mg++ 
were about 1:3 in her experiments, and the effects of K+ were 
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less than those of Na+. Her data from solutions containing 
La+++ agree closely with those for B. cereus in solutions 
containing Ce+++, and were presumably equally influenced 
by changes in pH. The figures obtained by Rubinstein (1932) 
with Sarcina lutea may also be arranged in a similar manner, 
although with S. lutea the changes brought about by salt require 
much higher concentrations than with the bacilli. The rates of 
oxygen uptake by FE. coli, measured by Nicolai (1926), con- 
formed to the requirements of equation (1) in solutions of mod- 
erate concentration. In the most concentrated solutions the 
rates of respiration were lower than those which would be in 
agreement with equation (1); but these experiment were carried 
out in the presence of phosphate buffer, and the enhanced action 
of high concentrations of the salts is similar to that observed in 
buffered suspensions of B. cereus, but greater in degree as the 
respiration of FE. coli is more sensitive to acidity than that of 
B. cereus. It would seem that equation (1) may be widely 
applicable. A similar relation describes the changes in the 
solubility of proteins in concentrated solutions of salts. The 
equation is 

a os ae eer ree (2) 


where S is the solubility of the protein, u the ionic strength of the 
salt solution (u = } = mv for all the ions present where m and v 
represent the molarity and valency of a single ion), and b and K 
are constants for a given salt and a given protein (Cohn 1932). 

Antagonistic action between pairs of cations was negligible. 
Antagonism between Na+ and Ca++ implies the reduction 
of the inhibitory action of their solutions by the presence of 
the other ion: in the experiments of table 2 the inhibitory action 
of the ions was increased when they were in combination. Win- 
slow and Haywood (1931) have shown that changes in the via- 
bility of Z. colt in salt mixtures can be accounted for by assigning 
to each cation a “specific potency.” In reducing the respiration 
of B. cereus, calcium chloride is roughly three times as potent as 
sodium chloride, so that in terms of specific potency a solution 
containing zM NaCl + yM CaCl, is equivalent to a solution 
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containing (x + 3y)M NaCl. Table 2 includes values for 
respiration in salt mixtures, calculated on this basis. They 
indicate approximately the degree to which respiration was 
inhibited in the various solutions. The rates of respiration in 
solutions with much calcium were usually lower than those 
indicated by calculation, perhaps because the specific potency 
assigned to calcium was low. (In this investigation the specific 
potency depended on concentration, being nearer to 10 than to 
3 for calcium in dilute solutions): the calculation completely 
failed to indicate the changes in dilute solutions, and it appears 
that in them the specific potency concept was not applicable. 
It is clear, however, that the effects of concentrated solutions can 
be fairly satisfactorily accounted for in terms of the individual 
effects of the constituent salts. This emphasises the contention 
of Winslow and Haywood that the antagonisms between ions 
in their action on higher organisms do not exist when the same 
ions act on bacteria. 


Vv. SUMMARY 


From the results of manometric measurements of the rate of 
uptake of oxygen by cells of Bacillus cereus suspended in salt 
solutions, the following conclusions may be drawn. 

1. The important factor in the determination of rate of respira- 
tion is the concentration of salt present. 

2. All salts increase the rate of respiration when present in low 
concentrations, and decrease it in higher concentrations, unless 
special specific toxic properties of certain ions intervene. 

3. This action of salts cannot be attributed to their ability to 
change the osmotic properties of the environment of the cells. 

4. The increased respiration by unbuffered dilute saline suspen- 
sions is brought about by the cation of the salt: the salts of mono-, 
di- and tri-valent cations are equally effective at concentrations 
roughly in the ratio (1000:100:1). 

5. With buffered suspensions of pH 6, this stimulating action 
of salts is increased slightly, probably because of the rather 
greater acidity of the buffered suspensions. 
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6. In unbuffered suspensions with high concentrations of salt, 
the rate of respiration is reduced according to the equation 


log r = P — Q.c. 


7. Comparison of the inhibitory powers of different salts 
suggests that the inhibition of respiration is probably caused by 
the cations, and not by the anions. 

8. There are no antagonistic effects between the ions Na+ and 
K+, and there is slight interaction between Na+ and Ca++, 
but only in dilute solutions. 

9. With suspensions in phosphate buffer solution, initially of 
pH 6, the rates of respiration are lower in the presence of high 
concentrations of salts than those which would agree with the 
equation given in paragraph (6) above: this probably arises from 
an interaction between the salts and the buffer, which makes the 


suspensions considerably more acid than pH 6. 
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Preliminary investigations have shown that Clostridium aceto- 
butylicum and related butyric-acid butyl-alcohol bacteria, fail 
to develop in a synthetic medium containing only ammonium 
sulphate, inorganic salts and glucose. These results suggest that 
perhaps the organisms require complex nitrogen compounds or 
some specific growth factor. 

Wood, Tatum and Peterson (1937), Wood, Andersen and Werk- 
man (1938) and Tatum, Wood and Peterson (1936) reported 
that an acidic ether-soluble factor extracted from Difco yeast 
extract and thiamin stimulate growth of propionic acid bacteria 
in an ammonium sulphate medium. Wood, Andersen and 
Werkman (1937a) (1937b) and Andersen, Wood and Werkman 
(1938) found that these stimulants were essential for growth of 
certain heterofermentative lactic acid bacteria in media con- 
taining hydrolyzed casein or purified amino acids. Andersen, 
Wood and Werkman (1937) described a homofermentative lactic- 
acid organism utilizing ammonium sulphate in the presence of 
lactoflavin, thiamin and the ether-soluble extract of yeast ex- 
tract. The present investigation is a continuation of these studies 
using butyric-acid butyl-alcohol bacteria. Preliminary results 
(Brown, Wood and Werkman (1938a, 1938b) have shown, in 
media containing ammonium sulfate, glucose and Speakman’s 
salt, that an ether extract of yeast extract is essential for growth 
of the butyl-alcohol bacteria. The yeast factor is not essential 

1 Journal Paper No. J646 of the Iowa Agricultural Experiment Station. Pro- 
ject 572. 
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when the medium contains hydrolyzed casein. Recently 
McDaniel, Woolley and Peterson (1939) have accomplished con- 
siderable purification of the ether-soluble factor. 


EXPERIMENTAL 
Cultures 


The organisms employed were five members of the genus, 
Clostridium, C. acetobutylicum, (I-2C), (12B), (1D), (B-1C), 
C. felsineum (5D), C. beijerinckit (4D), C. butylicum (53) and 
C. pectinovorum (10C). The cultures were purified by plating 
on peptone yeast-extract glucose agar under anaerobic conditions. 
Tubes of 5-per-cent corn mash were inoculated from well isolated 
colonies and shocked at 100°C. for 90 seconds. 


Medium and analytical methods 


Experiments were arranged to test the stimulating effect of 
various growth-promoting substances on the dissimilation of 
glucose in media containing hydrolyzed casein, amino acids and 
ammonium sulphate as sources of nitrogen. The compositions 
of the various test media are given in table 1. The constituents, 
unless otherwise given, were in the following concentrations: 
hydrolyzed casein 0.15 per cent prepared from Glaxo-casein A/E 
by sulfuric acid hydrolysis, ammonium sulphate 0.5 per cent, 
ether extract of Difco yeast extract 0.3 units per 10 ml. of medium 
(1 unit is the extract of 1 gram of yeast extract prepared as de- 
scribed by Wood, Tatum and Peterson, 1937), thiamin 0.1 gamma 
per 10 ml., riboflavin 0.01 mgm. per 10 ml., cystine 0.45 mgm. per 
10 ml., tryptophane 1.6 mgm. per 10 ml. of medium. Speak- 
man’s salts: K,HPO, 0.025 per cent, KH.PO, 0.025 per cent, 
MgS0O,-7H.0 0.01 per cent, NaCl 0.005 per cent, FeSO,-7H,O 
0.005 per cent, MnSO,-4H,.O 0.005 per cent. The percent given 
for each salt represents the final concentration in the medium. 
The mixture of amino acids? contained glycine, dl-alanine, dl- 
valine, dl-phenylalanine, l-tyrosine, l-proline, l-hydroxyproline, 


2 Amino acids purchased from the University of Illinois, Department of 
Chemistry and Eastman Kodak Co. 
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d-arginine, dl-lysine, l-histidine, l-cystine, dl-leucine, dl- 
isoleucine, threonine, dl-methionine, |-tryptophane, dl-serine 
and d-glutamic and l-aspartic acids. Each of these amino acids 
was used in final concentration of 0.00375 per cent on the basis of 
the naturally occurring isomer with the exception of cystine which 
was used in a concentration of 0.0015 per cent. Other accessory 
substances were used in the following concentrations: 30 gammas 
of nicotinic acid, 30 gammas of 8-alanine, 90 gammas of uracil, 
9 gammas of pimelic acid, and 3 gammas of pantothenic acid per 
10 ml. of medium. The ether extract of hydrolyzed casein (pre- 
pared by extracting 1.9 grams of hydrolyzed casein and diluting 
to 100 ml. after removing the ether) was used in a concentration of 
1 ml. per 10 ml. of medium. The residue from ashing a sample 
of ether extract of yeast extract was used in a concentration equi- 
valent to 1 unit of ether extract per 10 ml. of medium. The fil- 
trate from the acid hydrolysis of the ether extract of yeast extract 
was likewise used in a concentration equivalent to 1 unit of the 
original extract per 10 ml. of medium. 

The various test media were prepared with distilled water, ad- 
justed to pH 7.0, tubed in 10 ml. portions and autoclaved at 15 
pounds pressure for 15 minutes. The inoculum used in each 
series of transfers was composed of 3 drops of a 48-hour culture of 
the organism in a broth composed of 0.5 per cent yeast extract, 
0.1 per cent K,HPO, and 1 per cent glucose. The cultures were 
incubated for 3 days at 37°C. under vaseline seals. Growth was 
measured in successive transfers by quantitative determination of 
glucose before and after fermentation, using a modification of the 
Munson and Walker method for reducing-sugar. In each series 
the successive transfers were made at intervals of 48 hours. 
Growth was considered positive when an appreciable amount of 
glucose was utilized in each of at least 5 successive transfers. 
Where quantitative analyses of the products of glucose dissimila- 
tion were made, 250 ml. fermentations in the test media were 
employed. For these, the inoculum consisted of 1 ml. from a third 
successive transfer of the organism in tubes of the test medium. 
Butyric and acetic acids were determined according to the method 
of Osburn, Wood and Werkman (1933), butyl and ethyl alcohols 
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by the method of Stahly, Osburn and Werkman (1934) and ace- 
tone by iodoform-titration as given by Wendell (1931). 


Nutritional requirements in media containing hydrolyzed casein 


The constituents essential in a basal medium of hydrolyzed 
casein were first determined. From a complex medium (no. 1, 
table 1) each constituent was singly eliminated and it was found 
that only Speakman’s salt mixture was essential to growth (cf. 
no. 2, table 1). In fact, removal of all other constituents (am- 
monium sulfate, ether extract of yeast extract, thiamin and ribo- 
flavin) had no appreciable effect. C. acetobutylicum and C. 
felsineum grew in this medium of hydrolyzed casein, glucose and 
salt mixture. However, when potassium phosphate was 
eliminated from the medium (removed from Speakman’s salt 
mixture) growth soon stopped in serial transfers owing probably 
to the necessity of phosphate in carbohydrate dissimilation. 
When phosphate was added and all other inorganic salts omitted, 
growth occurred. Apparently the hydrolyzed casein was not 
sufficiently free of salts to cause a deficiency other than in the case 
of phosphate which is used in relatively large quantities in cellular 
metabolism. When ether extract of yeast extract was added to 
the hydrolyzed casein-phosphate medium there was no increase in 
growth (nos. 5 and 6). The implication is that C. acetobutylicum 
will grow in a medium containing only amino acids, inorganic salts 
and glucose. Growth in media in which purified amino acids 
replaced hydrolyzed casein was then studied. 


Nutritional requirements in a medium containing amino acids 


A mixture of 19 amino acids containing those present in casein 
with the exception of hydroxyglutamic acid was found partially 
to replace hydrolyzed casein in a medium containing glucose and 
inorganic salts (nos 7 and 8).* Although less glucose was fer- 
mented than in the hydrolyzed casein medium, growth was 
maintained throughout 8 successive transfers. One or more 
factors may account for the reduced growth on the amino acid 
mixture. Hydroxyglutamic acid or some unknown amino acid 


* Similar results were obtained with C. felsineum. 
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contained in casein may be beneficial, the amino acids in the 
mixture may not be present in optimal concentration or the hydro- 
lyzed casein may contain accessory growth factors or inorganic 
salts not supplied by the Speakman mixture. Results in medium 
no. 9 show clearly that ether extract of yeast extract has a 
marked stimulating effect in the amino acid medium. However, 
when available accessory factors thiamin, riboflavin, nicotinic 
acid, B-alanine, uracil, pimelic acid and pantothenic acid were 
tested for stimulation, they had no influence comparable to that 
of ether extract (compare 9 and 10). The superior growth in 
hydrolyzed casein medium as compared to the amino acid medium 
suggested that the hydrolyzed casein contained some of the ether- 
soluble factor. Therefore an acidified sample of hydrolyzed casein 
was extracted and the extract tested. The results with medium 
11 show the extract to be ineffective and indicate that hydrolyzed 
casein does not contain the ether-soluble growth stimulant or that 
the factor is in a combination which is ether-insoluble. The 
known influence of asparagin (Tatum, Peterson and Fred, 1935) 
and Brown, Stahly and Werkman, 1937) on growth of the butyl 
alcohol bacteria and of cystine for other bacteria, made it advisa- 
ble to determine whether these substances can replace the amino 
acid mixture (12 and 13). Both were ineffective. 


Nutritional requirements with ammonium sulfate as a nitrogen 
source 


It was established that in a medium containing ammonium 
sulfate, ether extract of yeast extract, Speakman’s salts, thiamin, 
tryptophane and glucose, growth was vigorous (no. 14). When 
the ether extract of yeast extract was omitted there was no 
growth in the fourth transfer (no. 15). The omission of thiamin 
and tryptophane caused no decrease in growth (no. 16). Medium 
16 consisting of ammonium sulfate, Speakman’s salts, ether 
extract of yeast extract and glucose, is free of amino acids, yet 
supports vigorous growth of the butyl alcohol bacteria. Addi- 
tional results with a number of other cultures are shown in table 
2 in which growth in the ammonium sulfate medium is compared 
to that obtained in yeast extract medium. The growth was as 
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vigorous with ammonium sulfate as with yeast extract. It is 
significant that medium 16 was the most satisfactory of all the 
media tested. Results with medium no. 17 show that phosphates 
are essential for growth and no. 18 that in addition other inor- 
ganic salts of the Speakman mixture are required. In order to 
establish definitely that the ether extract contains an essential 
organic factor it was ashed and the resulting product was added 
to medium 19 in place of the complete extract. The results show 
the factor is organic, i.e., not replaceable by the ash. There was 


TABLE 3 
Products of the fermentation of glucose by butyric-acid butyl-alcohol bacteria 
PRODUCTS PER 100 mM oF GLUCOSE 
| auv- | omen FERMENTED 


FER- 
amesun CULTURE | COSE | J owrep a 


NUMBER | FER- ; 
lmexren! F2® | Butyl | Ethyl | BY | Acetic 


| alcohol |Acetone alcohol | *Ti¢ acid 





acid 


|per cent mM J J mM mM 

12B | 100 53.1 .7 | 18.4 | 35.7 
Hydrolyzed casein*...{| B-1C | 91 58.1 | 29. 8 | 14.8 | 34.7 
| sD | 55 | 63.3| 17.6 36.3 | 39.3 


f ‘ 
(NH,),80,* A 1-2C | 94 | 59.0] 14.7 























12B | 99 | 62.0| 4.2| 15.8 


*Hydrolyzed casein medium contained hydrolyzed casein 0.18 gram, 
(NH,).80, 0.6 gram, ether extract of 1.5 grams of yeast extract, thiamin 2.0 gam- 
mas, tryptophane 10 mgm., K,HPO, 0.1 gram per 100 cc. of medium. 

(NH,)2SO, medium contained (NH,).80,0.5 gram, ether extract of 3 grams of 
yeast extract per 100 cc. of medium plus Speakman’s salts. 





no growth in medium 20 in which the ether extract of yeast ex- 
tract was replaced by ether extract from hydrolyzed casein. 
Likewise nicotinic acid, 8-alanine, uracil, pimelic acid, and panto- 
thenic acid were unable to replace the ether extract (no. 21). 

If hydrolyzed casein contains a factor other than amino acids 
it must be stable to acid hydrolysis. To determine the stability 
of the factor in ether extract of yeast extract a sample was auto- 
claved at 20 pounds pressure for 3 hours in N sulfuric acid. The 
solution was neutralized with sodium hydroxide and substituted 
for the ether extract. The activity of the factor was not altered 
by the acid treatment (medium 22). If the ether-soluble factor 
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or some combination of the factor is present in hydrolyzed casein, 
it should be stable to the acid hydrolysis. 

Data from the analyses of fermentations in which hydrolyzed 
vasein or ammonium sulfate were used as nitrogen sources are 
shown in table 3. The normal products of dissimilation were 
formed from glucose; however, the yield of butyl alcohol was low 
in ammonium sulfate medium. 


SUMMARY AND CONCLUSIONS 


An investigation of the growth factor requirements of butyric- 
acid butyl-alcohol bacteria showed: 

1. An ether-soluble extract of “Difco’’ yeast extract and of 
Speakman’s salts are essential for growth in media containing am- 
monium sulfate as a source of nitrogen. Neither the Speakman’s 
salts minus the phosphates nor the phosphates without the other 
inorganic salts are sufficient for growth in successive transfers. 
The ether-soluble yeast factor is not altered by prolonged heating 
in N sulphuric acid. 

2. A number of substances known to be growth factors for 
organisms did not replace the extract of yeast extract for growth 
of butyric-acid butyl-alcohol anaerobes. These substances in- 
clude thiamin, riboflavin, tryptophane, cystine, asparagin, nico- 
tinic, pimelic and pantothenic acids, 8-alanine and uracil. These 
substances do not stimulate utilization of glucose when added to 
media containing an amino acid mixture. 

3. In the presence of purified vitamin-free hydrolyzed casein 
as a source of nitrogen and glucose as a source of carbon, phos- 
phates alone were essential for growth. Other inorganic salts 
were undoubtedly included in the hydrolyzed casein. An ether- 
soluble growth stimulant could not be obtained or demonstrated 
in the hydrolyzed casein. The growth-promoting property of 
hydrolyzed casein appears to be a function of the amino acids. 
This is substantiated by the fact that a mixture of 19 purified 
amino acids naturally present in casein are sufficient for growth 
when supplemented with ammonium sulphate and Speakman’s 
salts. In this case growth of the butyric-acid butyl-alcohol 
bacteria has been obtained in a medium of known composition. 
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4. Glucose is dissimilated with the formation of normal prod- 
ucts in media containing ammonium sulphate or casein hydrol- 
ysate as source of nitrogen when the other essential nutrients 
are present. 
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During an investigation into the life-cycle of a spore-forming 
Bacillus (whose cytology has been described elsewhere (Allen, 
Appleby and Wolf, 1939)) this organism was grown in aerated 
broth cultures. A jar containing about 800 ml. of inoculated 
broth was fitted with a tight rubber bung coated with pitch, and 
connected both with a water pump and with a flask of 1 per cent 
HgCl, through which air was admitted. Control flasks of un- 
inoculated broth inserted between the culture jars and HgCl, 
flasks acted as indicators of the sterility of the incoming air. A 
piece of glass tubing passing through the bung of the culture jar 
and connected with the pump provided the air outlet, and was 
fitted with a tight plug of cotton wool. The essential part of the 
apparatus was immersed in a thermostat at the optimum tem- 
perature of the inoculated spore-former. After about four weeks’ 
incubation in this manner cocci appeared in the cultures, suffi- 
ciently numerous to isolate by plating dilutions of the cultures. 
These cocci were of two types—yellow pigmented sarcinae, and 
non-pigmented micrococci. These organisms showed in living 
preparations variations in morphology more complex than are 
usually attributed to cocci, which were not revealed by examina- 
tion of fixed and gram-stained films. It became evident by vital 
staining methods that these cocci possessed internal structures, 
and were capable of methods of reproduction other than trans- 
verse fission. A careful investigation of these appearances 
throughout the life of a culture was therefore undertaken for the 
purpose of determining the nature of the cytological changes 
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related to growth, in what morphological forms these organisms 
were capable of existence, and whether any relation to the original 
spore-former was evident under ordinary cultural conditions. 


METHODS OF PURIFICATION AND EXAMINATION 


Before examination, both these cocci were subcultured many 
times at short intervals, and proved to be very stable. Strains 
from different aerated cultures of the spore-forming rod were 
purified by six platings, followed by single cell isolations by 
Gardner’s method on a very thin slab of clear nutrient agar. 
Twelve-hour broth cultures were used as the inoculum for nu- 
trient agar slope cultures for microscopic examination. For 
each series of examinations two sets of slopes were similarly 
inoculated, one set being twelve hours older than the other, so 
that by examination of slopes of both sets during twelve hours 
each day the whole of the period of development of the organism 
was covered. 

Microscopic examinations were made constantly during several 
weeks by a modification of Nakanishi’s vital staining method 
(Stoughton, 1929). Of a variety of different basic stains used, 
one—neutral red chloride—gave the clearest results. Prepara- 
tions were examined immediately, and also after the organisms 
had been in contact with the stain for a few hours. 


THE SARCINA 
Characters of the sarcina 


The Sarcina grew well aerobically on nutrient agar and in 
nutrient broth at 30°C., producing a yellow pigment. In gram- 
stained preparations, a 48-hour culture had the appearance of a 
typical gram-+ Sarcina, but there was considerable variation in 
the size of the cells, the majority being rather large. 

In nutrient gelatin stab cultures there was filiform growth 
followed by slow liquefaction after 3 weeks at 20°C., at first 
saccate but becoming stratiform. 

No fermentation occurred in any carbohydrate broths until 
after a minimum period of 11 days’ incubation at 30°C., after 
which acid without gas was formed from glucose, maltose and 
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sucrose. After 4 to 5 weeks’ incubation, acid was formed in 
addition in xylose, arabinose, raffinose, dextrin, inulin and starch 
broths. (It may be a fact of significance that these particular 
carbohydrate reactions then corresponded with those of the orig- 
inal spore-forming rod after a few days’ incubation.) 

The thermal death point of the organism, determined by the 
percentage survival method of Esty and Williams (1924) with 
4-day cultures, was 58.8°C. for 15 minutes. 


Morphology and cytology of the sarcina 


An 8 to 16 hour growth of the organism consisted of large 
dense clumps, roughly cubical in shape, composed each of prob- 
ably several hundred individuals. The cells were flattened, 
as if tightly pressed together. These clumps were presumably 
due to the fact that at this stage of growth division was far more 
rapid than the separation of individuals, but at 16 hours and 
onwards the groups gradually became smaller. The cells finally 
became separated out into regular cubical groups of four and 
eight, with some pairs and single individuals. 

The large clumps of cocci in young preparations stained very 
deeply, but as they separated out into small groups the cyto- 
plasm stained much less readily and intracellular granules became 
apparent. The majority of cells contained one round densely 
staining granule, generally situated near the cell membrane, and 
less often centrally. It appeared to divide by elongation and 
constriction in the middle, presenting temporarily a dumb-bell 
shaped form, and resulting in two round granules in one cell. 
This was probably an immediate preliminary to cell division. 
Granules apparently similar to these in form and behaviour 
whose division is related to cell division—have been described by 
many other workers in species of rods and cocci. They were 
found in cells of Phytomonas malvacearum by Stoughton (1929) 
in two aerobic spore-formers by Badian (1933), and Dobell (1911) 
demonstrated similar granules in representatives of many dif- 
ferent types of bacteria. These workers concluded that such 
granules probably represented nuclei. 

Though the most common method of reproduction of this 
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coccus was by transverse fission, budding was also very evident 
by vital staining methods. The formation of a bud appeared to 
be preceded by the appearance of many small granules situated 
in one half of the cell, while the cytoplasm of the other half 
remained clear. These granules collected near the cell membrane 
forming a crescent-shaped structure which stained very deeply. 
This finally bulged outwards and formed a round densely stain- 
able body attached to the larger and feebly stained parent cell. 
Such appearances as are represented in figures 1-7 were a con- 
spicuous feature in preparations throughout the whole period of 
growth of the culture. 

Less frequently, one cell gave rise to two buds at the same time. 
It appeared that this occurred when bud formation took place 
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Fies. 1-8. DIAGRAMMATIC REPRESENTATION OF THE FORMATION AND 
MULTIPLICATION OF Bups OF THE SARCINA 


immediately after a division of the nucleus-like body and trans- 
verse fission (normally following this division) failed. 

The buds after separation multiplied, so far as could be de- 
termined, solely by transverse fission in three planes, giving rise 
to very regular cubical groups of minature sarcinae which stained 
very deeply (fig. 8). There was thus to be seen in the culture a 
sharp distinction into two types of individuals—the large feebly 
stained cells with a nucleus-like structure, and densely stained 
miniature counterparts. The latter, however gradually increased 
in size and became similar to the parent, thus completing agrowth 
cycle. The only indication of these events in gram-stained prepa- 

ations was the variation in size of the individuals. 

After 4 days’ incubation, a large number of cells contained one 
fairly large spherical acid-fast granule, and similar granules were 
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found free. These did not undergo any evident change after 
liberation during several weeks. Though spore-like in ap- 
pearance they were not heat resistant. 

Minute exogenous gonidia, projecting from the membrane on 
slender stalks, were very numerous, particularly in cultures 
about 24 hours old. At this age on one cell might be seen several 
of these gonidia. In older cultures the number decreased, and 
they were not found at all after 4 days. These gonidia were 
probably the origin of many small granules found free which 
stained very deeply, and showed active Brownian movement. 
They may have accounted for the appearance in these cultures of 
minute slender rods, which were sometimes seen in large numbers. 
These rods were particularly evident after 12-36 hours’ incuba- 
tion when they were found in groups lying around the groups of 
cocci. In older cultures they increased in length to about 6y, 
but were always very slender and generally granular. Though 
fairly abundant in young cultures these rods apprently multi- 
plied much less readily than the cocci, and formed after a few 
days only a very small proportion of the total number of organ- 
isms. They could be found in small numbers during 18 weeks’ 
incubation. 

The significance of these small rods in the life-cycle of the cocci 
is not understood. In their appearance and behaviour they bear 
a striking resemblance to the small rod variant produced by the 
parent spore-forming rod which has been previously described 
(Appleby, 1939a), and which was shown to be capable of repro- 
ducing the parent type. 

In cultures about 8 weeks old, forms resembling goni- 
dangia appeared. A round structure with a diameter of about 
5 to 6u was apparently formed by fusion of a small number of 
adjacent cells, their contiguous membranes disappearing. The 
thick membrane of this spherical body stained very deeply. The 
cytoplasm was at first homogeneous and faintly staining, and 
surrounded by a narrow clear unstained layer. Gradually there 
appeared in the cytoplasm a number of small spherical granules, 
uniform in size, with an intense affinity for stain. The structure 
of these gonidangium-like forms is shown diagrammatically in 
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figures 9 to 12. From their large number, and very clear and 
uniform appearance, these structures were not either artefacts or 
decaying forms, but presumably a type of reproductive body 
homologous with the asci of yeasts, and resembling the gonidangia 
described by other workers as occurring in bacterial cultures. 


THE MICROCOCCUS 
Characters of the micrococcus 

This organism was a gram+ species growing well aerobically 
on ordinary media at 30°C. and producing no pigment. 

Growth in nutrient gelatin stab cultures was filiform, followed 
by slight saccate liquefaction after 3 to 4 weeks at 20°C. Acid 
without gas was produced from glucose, sucrose, lactose, maltose 
and arabinose after 2 days at 30°C., while galactose, raffinose, 
starch, dextrin, inulin, xylose and mannitol were fermented much 


Se. 
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Fies. 9-12. STAGES IN THE FORMATION OF A GONIDANGIUM-LIKE STRUCTURE 


more slowly, acid only being apparent after 1 to 33 weeks’ incu- 
bation. In litmus milk, slight acid only was produced. Indol 
and acetyl-methyl-carbinol tests were negative during 3 weeks 
at 30°C. Nitrates were reduced, and the methyl red test was 
positive after 4 days at 30°C. 

The thermal death point of 4 day cultures by the percentage 
survival method was 59.2°C for 15 minutes. 


Morphology and cytology of the micrococcus 


After a few hours’ incubation, cultures of this organism con- 
sisted of short thick rods, staining feebly. During the period 
of active division these rods were reduced to spherical cells, and 
remained as such throughout the life of the culture. This 
tendency to exist at an early growth stage as a rod was most 
evident in freshly isolated strains of this organism, and dimin- 
ished after repeated subculture. 
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In vitally stained preparations it was evident that there were 
two distinct methods of multiplication comparable with those 


of the Sarcina, These were apparent, though varying in fre- 


quency, throughout the whole of the period of growth. These 
were: 

l. transverse fission, producing apparently identical individ- 
uals; 

2. budding, in a manner exactly similar to that of the Sarena, 


resulting in the formation of very small diemenel, anil dis 


FORMATION AND MULTIPLICATION Bups of 


Fic. 22. PHoromMicROGRAPH OF SARCINAE SHowinc YounG, DEEPLY STAINED 
Bups 
Fic. 23. PuoromicroGRAPH OF A PREPARATION FROM A 12 Hour CuLTUR! 
SHOWING SMALL Rops 


tinguishable at first from the parent by their small size and 
greater staining capacity. One cell frequently produced two buds 
at the same time, diametrically opposed. The process of bud 
formation is represented diagrammatically in figures 13 to 21. 

Internal nuclear structures were most clearly seen (as was also 
the mechanism of bud formation) on blood serum slopes where the 
organism grew very abundantly and the cells were particularly 
large. They contained each one granule, most often round, but 
sometimes in the form of a short bent rod, either uniform in width 
or thickened at the ends. In newly divided cells, before the 
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adjacent portions had become rounded off, the granules (one 
in each cell) were small and round. These nucleus-like structures 
were most evident in young cultures at a period of active mul- 
tiplication. 

Small rods were produced by this micrococcus, similar to those 
of the sarcina. They were much less numerous however, and 
though present in small numbers in cultures of all ages were ab- 
sent from many microscopic preparations. 

In cultures about 3 months old, when the medium was very 
dry and growth scanty, gonidangia were formed. These were 
round, thick-walled cells, about 3 to 5u in diameter. When 
fully formed, they contained each a small number of small spheri- 
cal granules. 


THE POSSIBLE RELATION OF THESE COCCI TO A SPORE-FORMING ROD 


The two cocci described were obtained from old aerated broth 
cultures of a spore-forming Eacillus. Though all due precau- 
tions were taken to prevent contamination during aeration it is 
not possible to state with certainty that these cocci were in 
reality products of growth of the spore-former. There is, how- 
ever, some evidence to suggest that this may be so. As it has 
been shown by other workers (notably Léhnis and Smith (1916, 
1923), Mellon (1919), Cunningham (1930) and Cunningham 
and Jenkins (1927), and Mellon, Richardson and Fisher (1932)) 
that some rod species may under certain conditions produce stable 
cultivable cocci, and as the species under investigation is capable 


of a pleomorphism greater than is commonly recognised, the 


facts which indicate a relationship in this case may deserve 
consideration. 

As has been reported in a previous paper (Appleby, 1939b) 
stable cultures of the micrococcus have been obtained several 
times from filtrates of the bacillus, using the serial transfer method 
of cultivation, and four times from filtrates without serial trans- 
fer. These were mainly from non-aerated cultures. 

On examination of recently isolated strains of both cocci from 
aerated cultures there were a few instances of apparent rever- 
sion the cocci presumably giving rise to the original spore- 
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forming rod. In one slope culture of the sarcina, purified by 
repeated plating and single-celling, there appeared suddenly 
after 8} weeks’ incubation spore-forming rods recognisable as 
those of the species originally used. When first apparent, these 
rods were distributed throughout the whole culture, on all parts 
of the slope, and therefore it appears unlikely that they were 
external contaminants. If they had represented a contaminant 
of the inoculum they would presumably have made their ap- 
pearance much earlier. 

In one similarly purified slope culture of the micrococcus there 
appeared a growth of the bacillus after 43 weeks’ incubation. 
The wide distribution of the rods at their first appearance sug- 
gested an origin within the culture. 

One purified culture of the micrococcus grown in a flask of about 
300 ml. of broth produced after 4} weeks a large number of slender 
rods, similar to the rods found in small numbers in cultures of both 
cocci, and to the small rod variant of the bacillus investigated 
(Appleby, 1939a). These were followed by growth of the spore- 
forming rod. It may be therefore that the small rods produced 
by both cocci can function as an intermediate stage in the re- 
version of the cocci to the spore-former. In no cultures of these 
cocci was any foreign type of rod ever found, other than the 
spore-former originally used for this work, and a form similar 
to its small rod variant. 

The majority of the coccus cultures examined—on a variety of 
media, in slope and shake cultures—remained purely as cocci, 
showing no morphological changes other than those associated 
with regeneration of cocci or their related small rods. The failure 
to obtain reversion in these cultures may have been due to the 
fact that nearly all examinations were made with strains pre- 
viously subcultured many times on the same medium at short 
intervals—a procedure which might make for stabilisation of a 
variant type. No cocci when freshly isolated were examined in 
old cultures. 

Subsequent attempts to reproduce these cocci from the bacillus 
under different environmental conditions have failed. It may 
be that after a few years’ artificial cultivation on one particular 
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laboratory medium the life-cycle of an organism becomes modi- 
fied, tending to a greater monomorphism than may be displayed 
by that organism in its natural habitat. 


SUMMARY 


Two species of cocci—a Sarcina and a Micrococcus—are 
described which (a) possess a nucleus-like granule, dividing be- 
fore cell division; (b) are capable of multiplication not only by 
fission but by budding, and at certain growth periods by forma- 
tion of endogenous (and in the case of the Sarcina also exogenous) 
gonidia. The formation and development of the buds constitutes 
a cyclical series of morphological changes; (c) are capable of 
producing very small slender rods. 

There is some scant evidence to suggest that these cocci may be 
produced by, and capable of reversion to, a spore-forming rod. 


The author wishes to express her thanks to Dr. L. A. Allen 
for his helpful advice during the conduct of this work, and for the 
photomicrographs. 
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There is abundant evidence in bacteriological literature to show 
that a species may exhibit temporary changes in morphology in 
response to environmental conditions. Thus, with spore-form- 
ing species, sporulation may be inhibited on certain media and at 
high temperatures; cultivation under conditions slightly in- 
jurious to the normal type of cell may result in unusual morpho- 
logical appearances; and peculiar forms in old cultures originally 
described as aberrant involution forms have frequently been 
shown to be capable of active reproduction, their unusual ap- 
pearance being attributed to the changed conditions of the old 
medium. Growth and multiplication therefore are not restricted 
to the morphological form typical of the species. 

An interesting change in morphology is shown by a strain of a 
spore-forming rod when grown at low temperatures, and this is 
accompanied by a complete change in the naked eye appearance 
of the growth on a solid medium. This organism appears in 
gram-stained preparations to be a typical member of the Bacillus 
genus, and the morphology at its optimum temperature of 30°C. 
has been described in a previous paper (Allen, Appleby and Wolf, 
1939). Surface plate colonies on nutrient agar at 30°C. are large, 
greyish, flat, rough, papillated, with a spreading margin, and 
easily emulsifiable. 

Nutrient agar plates inoculated with the organism were in- 
cubated 14 hours and then left at room temperature, in the dark, 
for 2} weeks. The colonies were then well grown, but quite 
unrecognisable as belonging to the species inoculated. They had 
a slight yellow pigment, and surface colonies were raised, moist, 
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and waxy in appearance, of a slightly sticky consistency. The 
surface was smooth, sometimes radially striated, and the margin 
either entire or lobed. 

Colonies were examined by vital staining using Nakanishi’s 
method as modified by Stoughton (1929), and neutral red chloride. 
Only an occasional parallel-sided rod of the usual appearance was 
seen and no spores were formed. The majority of organisms were 
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Fics. 1-13. MorpHoLocy or AN AEROBIC SPORE-FORMER GROWN AT Room 
TEMPERATURE 


1 to 4, types of spindle-shaped bells; 5 to 10, method of fission of spindle- 
shaped bells; 11 to 13, form suggestive of zygospore formation. 


large spindle-shaped cells, about 4 to 8 times the size of an 
ordinary rod of this species. These types are shown diagram- 
matically in figures 1 to 10. They multiplied by a process in- 
termediate between fission and constriction, resulting in two equal 
parts, which by elongation at one pole became spindle-shaped 
again. They contained stainable granules of varying sizes which 
were usually arranged in the form of a loose spiral stretching right 
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across the cell, similar to the nuclear arrangements described by 
Dobell (1908) in cells of Bacillus spirogyra, Bacillus flerilis and 
Bacillus butschlit. 

Some spindle-shaped cells, after about six weeks at room 
temperature, produced one large round intracellular body which 
stained feebly, often containing a nucleus-like structure, and was 
surrounded by a more deeply stainable membrane (fig. 3). As 
these structures were also found free they were presumably re- 
productive bodies. Though they had the size and outline of large 
spores they did not entirely lose their staining capacity. 

There were also found in these colonies long thick threads, some 
showing rudimentary branches, and forms distinctly suggestive 
of conjugation. These were represented by a densely staining 
short rod at the junction between two apparently empty mem- 
branes, which shrivelled up and left the rod-like form free (figs. 
10-13). 

On subculture of these atypical colonies to a nutrient agar slope 
and incubation at 30°C. a change, culturally and morphologically, 
to the recognised species type occurred. After 12 hours’ incu- 
bation there was fairly good growth resembling in appearance the 
yellowish, waxy, non-spreading atypical colony growth. But 
microscopic examination revealed a large number of ordinary 
parallel-sided rods, developing from the spindle shapes by elonga- 
tion and segmentation. After 24 hours the growth was indistin- 
guishable, both macroscopically and microscopically, from the 
normal growth. 

One of these colonies of spindle-shaped organisms was reju- 
venated by ten subcultures on nutrient agar, incubating at 30°C. 
It was then plated, incubated a short period, and kept at room 
temperature as before. A similar procedure was carried out with 
a different strain of the same organism. Colonies of the latter 
after 3 weeks had not noticeably increased in size since removal 
from the incubator, and the constituent cells were ordinary 
parallel-sided rods. The former, however, developed a much 
larger amount of growth, and after 8 days many of the normal 
rods were assuming spindle shapes by enlargement and swelling 
in the middle. They developed exactly as those described above. 
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Different strains of this species therefore differ in the readiness 
with which they adapt themselves to low temperature growth, 
where active multiplication in the normal rod form apparently 
cannot take place, and once this atypical! growth has occurred it 
may readily be repeated. 

When this spore-forming rod is grown on inspissated blood 
serum slopes at 30°C. it may not be recognisable as a Bacillus 
without careful scrutiny. This is not due to the production on 
this medium of an entirely different type of cell (as occurs at low 
temperatures) but to the stimulation of certain of the peculiar 
forms found in old nutrient agar cultures, of the types previously 
designated involution forms, not generally recognised as a growth 
phase of a Bacillus. 

The young growth on this medium presents the same features 
at 30°C. as a nutrient agar slope at this temperature, and after 2 
days the culture consists largely of free spores. There then 
follows a period of active multiplication of some atypical forms 
found, in smaller numbers, in nutrient agar cultures, so that the 
free spores are far outnumbered by these growing types. 

On examination of serum slopes by vital staining methods it 
was found that there were two morphological forms particularly 
in evidence in cultures more than two days old—structureless 
feebly staining curved rods, which appeared to be capable of 
conjugating in pairs and giving rise to bean-shaped structures 
(as represented in figs. 14-20); and threads and filaments of 
various dimensions, some very slender and twisted, and generally 
containing numerous granules. There were found also large 
irregular bulbous forms, multiplying by budding as well as fission 
into unequai sized portions (figs. 22-25). Some of these large 
forms contained a long central stainable structure, either com- 
posed of a string of small granules, or a uniform filament spirally 
twisted (fig. 26). Some of these cells were seen to be forming 
endospores in cultures 1 to 4 weeks old. 

Very small slender rods were numerous on this medium 
throughout the whole of the period of growth. These were found 
in small numbers in nutrient agar cultures of this spore-former, 
and their isolation by filtration and growth in pure culture has 
been described in a previous paper (Appleby, 1939). 
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It is evident therefore that this spore-former is capable of such 
wide variation in morphology—under these two conditions of 
growth—as to be almost or completely unrecognisable as a species 
of the Bacillus genus, and growth and multiplication may be as 
abundant among these unusual cell forms as it is among the forms 
recognised for the genus. It would appear that the capacity of 
a species for growth in different morphological forms is a matter 
deserving consideration, since morphology is an important cri- 
terion in classification. 
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28 
Fics. 14-28. Some or THE Marin MorPHOLOGICAL Types In Serum SLOPE 
CULTURES OF AN AEROBIC SPORE-FORMER 


SUMMARY 


A spore-forming rod, which in gram-stained preparations from 
nutrient agar at its optimum temperature of 30°C. exhibits the 
usual appearance of members of the Bacillus genus, has been 
found to exist in entirely different morphological forms under 
different growth conditions. At a low temperature, and on in- 
spissated blood serum slopes, changes in morphology may occur 
very readily and be so complete as to render the organism tem- 
porarily unrecognisable. At room temperature there is simul- 
taneously a change in the appearance of the growth. 
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The unusual cell forms described (including types reported by 
sarly bacteriologists to be involution forms) are capable of active 
multiplication, and show, in vitally stained preparations, re- 
productive processes other than binary fission. That they are 
the result of environmental conditions is shown by the fact that 
these forms readily return to the normal parallel-sided spore-form- 
ing rod type when cultivated on nutrient agar at 30°C. 


The author wishes to express her thanks to Dr. L. A. Allen for 
his advice during the conduct of this work. 
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There is considerable interest in the problem of the possible 
respiration of active bacteriophage particles because of the bear- 
ing that its solution would have in establishing the living or 
non-living nature of this virus-like agent. Bronfenbrenner (1924, 
1926 a and b), employing an indicator method sensitive to 0.02 
milligram of carbon dioxide, was unable to detect carbon dioxide 
production by phage particles in experiments extending over 
several hours. Wohfeil (1928) also was unable to detect carbon 
dioxide production by the phage particles and Bachmann and 
Wohlfeil (1927) could detect neither carbon dioxide elimination 
nor oxygen use by phage particles in the presence of dead cells 
of sensitive strains. 

McKinley and Coulter (1927) detected a slight increase in the 
amount of carbon dioxide produced by a strain of Escherichia 
coli grown in the presence of bacteriophage, but these authors 
considered this increase to be due to an increased growth rate 
of the bacteria rather than to any metabolic activity of the phage 
particles themselves. 

Parker and Smythe (1937) could detect neither carbon dioxide 
production nor oxygen use by concentrated preparations of 
vaccine virus. This result was not due to the lack of a suitable 


1 This work was supported from a grant by the Rockefeller Foundation to 
Washington University for research in science. 
? Now with the Department of Botany, University of Illinois, Urbana, Illinois. 
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oxidizable substrate, since negative results were also obtained in 
the presence of glucose and glucose monophosphate. 

On the other hand, Eaton (1931) carried out an extensive study 
on lysed Staphylococcus cultures by manometric methods and 
reported an observable uptake of oxygen and production of carbon 
dioxide. He pointed out that the oxygen consumption possibly 
might be due to a purely chemical autooxidation of some com- 
ponent present in the medium but that the carbon dioxide pro- 
duction indicated metabolic activity. Following the work of 
Eaton, we have again carried out a great many experiments to 
detect the oxygen consumption of lysed cultures of Staphylococcus 
by a manometric method sensitive to 0.0002 of a milligram of 
oxygen. Even solutions containing 10'° particles of phage per 
milliliter uniformly gave negative results. 

A superficially analogous result is observed in the metabolism 
of red blood cells, lysed by distilled water. Although the intact 
cells have a readily observable oxygen consumption, this metabolic 
activity is lost in lysis. In this instance it is known that lysis 
inhibits the mechanism of sugar phosphorylation, and that this 
power of oxidation by molecular oxygen is regained if the proper 
glucose-phosphate ester is added. 

It is evident that biological oxidation mechanisms do not 
depend intrinsically on the presence of structurally intact cells. 
The analogy with red blood cells suggests that the loss of the 
power to use molecular oxygen by bacterial cells lysed by bac- 
teriophage is due to the disruption of some necessary enzymatic 
complex. This is all the more probable in view of the work of 
Hetler and Bronfenbrenner (1928) who showed that there is an 
hydrolysis of bacterial protein during lysis as shown by the in- 
crease of free amino nitrogen. Bronfenbrenner and Muckenfuss 
(1927) have shown that even dead bacterial protein may undergo 
hydrolysis by enzymes released during the lysis of the living cells 
by the bacteriophage. The cessation of oxygen consumption 
could be explained if the proteinaceous carriers of the prosthetic 
groups of enzymes are destroyed, or modified, or separated from 
their respective active groups during the process of lysis. 

The present study was undertaken to determine the effect of 
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the lysis of bacterial cells by bacteriophage on the activity of a 
specific enzymatic complex. Catalase was the enzyme selected 
for study because of the great accuracy with which the evolution 
of oxygen from hydrogen peroxide can be observed by the use 
of the Barcroft differential manometer in a constant-temperature 
water bath. The relation of catalase to the respiratory process 
is still a matter of conjecture. Nevertheless, a study of the 
effect of bacteriophage on this enzyme should furnish interesting 
data on the ability of bacteriophage to disrupt a specific enzymatic 
complex. 

Schuller (1935) tested for the activity of a number of enzymes 
in the centrifuged lysed culture of E. coli. Negative reactions 
were obtained for trypsin, papain, lipase, amylase, maltase, 
nucleosidase, urease, arginase and catalase. Only phosphatase 
gave a positive reaction. His paper contains, unfortunately, only 
scanty details of his experimental procedure. On the other hand 
Lominski (1934) reported that lysed cultures exhibited catalytic 
activities proportional to the number of cells that had under- 
gone lysis. 

Fejgen, Bronislawa and Supniewski (1923) were not able to 


detect catalase nor reductase in lysed cultures, and on that account 
they concluded that the lytic agent was non-living. 


EXPERIMENTAL PROCEDURE 


The 18-hour growth of Staphylococcus aureus on agar was 
suspended in 10 ml. of broth. This suspension was filtered 
through sterile cotton and 0.1 ml. of the filtrate was added to 
10 ml. of broth. Then 1 ml. of a bacteriophage solution, con- 
taining 10 active particles per ml. was added. The final dilution, 
therefore, contained about one particle of phage per milliliter. 
After a few hours of incubation at 37°C., the lysis was complete 
and the suspension became crystal clear. This lysed culture was 
then filtered through a Berkefeld filter and tested for active 
catalase by observing the evolution of oxygen from hydrogen 
peroxide in Barcroft differential manometers. In all instances, 
the hydrogen peroxide was tipped into the solution of lysed cells 
from a side arm, after temperature equilibrium had been reached. 
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RESULTS 
Experiment 1 


The arrangement and the results of experiment 1 are indicated 
in table 1 and figure 1. Since control broth caused no detectable 
evolution of oxygen from hydrogen peroxide and lysed cells 


TABLE 1 


The rate of liberation of O; from H,0, by the filtered lysate in cubic millimeters 
at the time indicated 


MANOMETER | MANOMETER 2 MANOMETER 3 
(CONTROL BROTH) (rittTRaTE + KCN) (FILTRATE) 


Buffer (pH = 8.14). 
Filtrate of lysed culture 
2 per cent KCN at pH = 8.14 





Broth 


3 per cent N:O: at pH = 8.14.| 


O: released in cubic millimeters per minute 





Time 





minutes 
2 
3 
4 
10 
1l 
12 
13 
14 
15 
16 
17 
18 
19 
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exhibited a catalytic activity which was inhibited by cyanide, the 
activity must have been due to the enzyme. It is evident that 
the destruction of the mechanism of oxygen absorption is not 
related to the activity of catalase. 


Experiment 2 


Some investigators believe that the lysing principle is a living 
organism, and since all living matter contains catalase the sug- 
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gestion might well be made that the catalytic activity observed 
in the foregoing experiment was due to the bacteriophage itself 
and not to the presence of bacterial residue. The fact that it is 
possible to vary the amount of bacterial residue and yet maintain 
an equal final concentration of bacteriophage particles allows this 
point to be critically tested. It has been shown by many workers 
that at the time of complete lysis of cultures, the clear solutions 
always contain a concentration of bacteriophage particles of the 
same order of magnitude. In the present work this final concen- 
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Fig. 1. THe Rate or Evo.vution or O; py CATALASE OF LYsED 
BacTERIAL CELLS 


See table 1 for data. A, lysed cells; B, lysed cells plus KCN. 


tration was determined by many titrations to be 10° active 
particles per milliliter of lysate. 

In experiment 2, cultures were prepared as in experiment 1, 
except that one culture was lysed by the addition of 10 particles of 
bacteriophage per milliliter, another by 10* and the third by 10° 
particles per milliliter respectively. Under each condition, the 
multiplication of bacteria prior to the time of complete lysis will 
reach widely different levels and, in general, the number of bac- 
teria will be higher in the cultures receiving lower concentrations 
of phage. The concentration of bacterial residues present after 
lysis will, therefore, be greater in the culture lysed by the smaller 
initial concentration of bacteriophage, although the final concen- 
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tration of bacteriophage will be equal in all solutions.* The data 
in table 2 show the arrangement of the experiment. From 
table 2 and figure 2, it is seen that the catalytic activity in the 


TABLE 2 


The rate of liberation of O. from H,0, by the filtered lysates from cultures lysed with 
different initial concentrations of phage 





MANOMETER | | MANOMETER 2 MANOMETER 3 


Concentration in particles 
per ml. of phage used to | 
induce lysis 105 10 10 


0.75 per cent HO: at pH = 
8.0... 2.0 ml. 2.0 ml. 


Filtrate of lysed culture ‘ 0.2 ml. 0.2 ml. 
Buffer at pH = 8.0 ‘ 10.2 ml. 10.0 ml. 
Time O: released in cubic millimeters 
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lysed culture varies according to the concentration of bacterial 
residue. Table 3 and figure 3 show that the rate of oxygen release 
decreases logarithmically, indicating the unimolecular nature of 
the reaction. As the reaction nears completion, the values 


* At least when tested by the tenfold dilution method of Appelmans. 
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deviate somewhat as has been frequently observed in this type 
of reaction. 

Experiment 3 


The data of experiments 1 and 2 indicate the presence of the 
enzyme in a very labile condition, since its activity completely 
stops long before the total amount of available hydrogen peroxide 
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Fig. 2. CataLase Activity or Lysep CELLS 


See table 2 for data. A, culture lysed with 10 particles of bacteriophase per 
ml. B, culture lysed with 10* particles per ml. C, culture lysed with 10° par- 
ticles per ml. 


has been destroyed. Experiment 3 was designed to test the 
effect of the concentration of the hydrogen peroxide on the degree 
of this lability. Cultures were prepared as described above and 
lysed with 10 particles of bacteriophage per milliliter. The clear 
solutions were then filtered through a Berkefeld filter and the 
catalase activity was measured in the presence of different 
amounts of hydrogen peroxide as shown in table 4. The rates 
of catalysis given in table 4 and figure 4 show that the rate of 
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oxygen evolution is initially greater with the higher concentra- 
tions of hydrogen peroxide, but that this rate declines and ap- 
proaches zero much faster than when low concentrations of 
peroxide are used. Table 5 and figure 5 show that these rates 
are dependent on a unimolecular reaction. 


TABLE 3 
Logarithms of the catalase activities recorded in table 2 for experiment 2 


These values are graphically presented in figure 3 
Logi of cubic millimeters of O, released per minute 


TIME MANOMBTER | MANOMETER 2 MANOMETER 3 


minutes 


1 1.25 
‘ 1.12 
0.91 
0.73 


Experiment 4 
From an inspection of figure 4, it appears possible that the 
total oxygen released is of the same order of magnitude irrespec- 
tive of the initial concentrations of peroxide. In order to test 
this, cultures were prepared as for experiment 1, subjected to 
lysis by the addition of 10 particles of bacteriophage per milliliter 
and, subsequently, filtered through a Berkefeld filter. The ex- 
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periment was arranged as shown in table 6. Each solution con- 
tained 9 ml. of buffer at pH = 8.0, 0.2 ml. of lysed bacteria, and 
2 ml. of hydrogen peroxide of various concentrations at pH = 8.0. 
The preparations were allowed to stand for one hour in the pres- 
ence of the peroxide. After this time all catalytic activity was 
lost. The remaining hydrogen peroxide was determined by titra- 
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Fig. 3. UNIMOLECULAR NATURE OF THE Rate oF O, LIBERATION 
See table 3 for data. A, culture lysed with 10 particles of bacteriophage per 


ml. B, culture lysed with 10* particles per ml. C, culture lysed with 10° par- 
ticles per ml. 

tion with 0.05 N potassium permanganate in the presence of 
sulphuric acid. The data recorded in table 6 show that aliquots 
of lysed cells destroy equal amounts of peroxide, regardless of the 
available concentration of peroxide. The only difference is that 
the release of the oxygen is accomplished in a shorter time at the 
higher peroxide concentrations. 
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TABLE 4 


The rate of liberation of O; from H,0, by the filtered lysate in the presence of different 
concentrations of H,0; 


MANOMETER | MANOMETER 2 | MANOMETER 3 


Concentration of HzO: ..... 0.3 per cent 0.15 per cent 0.07 per cent 


Volume of HO: added fro 
the side arm ; 2.0 ml. 2.0 ml. 2.0 ml. 


Filtrate of lysed culture ‘ 0.2 ml. 0.2 ml. 0.2 ml. 


Buffer at pH = 8.0 ‘ b | 10.0 ml. 10.0 ml. 


Time O: released in cubic millimeters per minute 
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The results of experiment 4 show that the catalase present 
in the filtrate of the Staphylococcus aureus cells after lysis with 
bacteriophage is in an extremely labile condition. Even at the 
comparatively low concentration of peroxide used, the enzyme 
appears to bear a stoichiometrical relation to the destruction of 
hydrogen peroxide and, therefore, in the strictest sense, is not 
functioning as an enyzmatic catalyst at all but is engaging ap- 
parently in an irreversible reaction as one of the components. 
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Fic. 4. CaTaLase Activity or Lysep CELLS 


See table 4 for data. A, in presence of 0.3 per cent H,O,. B, in presence of 
0.15 per cent H,O,. C, in presence of 0.07 per cent H,O,. 


The rate at which H,O, is destroyed (Figures 3, 5, 6) indicates 
this to be a unimolecular reaction. If the single component of 
the reaction capable of changing significantly be considered to 
be the substrate, (H,O,) then the activity constant is that of the 
catalytic reaction. However, it is evident from experiments 
3 and 4 that the reaction stops completely when a certain amount 
of activity has taken place, irrespective of the amount of available 
substrate. The stoichiometrical nature of this reaction indicates 
that the amount of active enzyme is the component whose change 
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in concentration imparts the unimolecular nature to the reaction. 
The constant, k, in the familiar equation for the reaction rate of a 


unimolecular reaction 


TABLE 5 
Logarithms of catalase activities recorded in table 4 for experiment 3 
These values are graphically presented in figure 5 


LOGie OF CUBIC MILLIMETERS OF QO; RELEASED PER MINUTE 


Manometer 2 
0.15 per cent HO: 


=e © 





1 
k = — log, - 
1 & a 


a 


Manometer 3 
0.07 per cent HA: 


~~ = 


— i i 


0.99 
0.97 
0.89 


0.88 


SE IE Ie SRE ERT SET Se aE 


“a 





pore enare 





iy ay 








Neg RES 


chic Seresiadl aaa Owner i. 2a so) 





ederd aime 





Assisi oe 





CATALASE REACTION IN RESIDUE OF 8. AUREUS 671 


is, therefore, the reaction constant for the rate of the inactivation 
of the enzyme and not directly that of the enzymatic catalytic 
activity. Also, the symbol a refers to the concentrations of 
the enzyme and not of the substrate. 

Several authors have described the failure of catalase to produce 
a typical monomolecular catalytic reaction. Senter (1903) re- 
ported that monomolecular catalysis is possible only at very low 
concentrations of hydrogen peroxide and at low temperatures. 
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Fig. 5. UNIMOLECULAR NATURE OF THE RaTE oF O;, LIBERATION 


See table 5 for data. A, in the presence of 0.3 per cent H,O:. B, in the pres- 
ence of 0.15 per cent H,O,. C, in the presence of 0.07 per cent H,O.. 


Morgulis (1921) found that the enzyme was rapidly destroyed in 
high concentrations of peroxide at 20°C. Northrop (1925), work- 
ing with catalase preparations from liver, found that the results 
of Margulis could be explained by the fact that the rate of de- 
composition of peroxide is proportional at any time to the con- 
centration of the enzyme, and that catalase decomposes by a 
monomolecular reaction which is independent of the concentration 
of catalase, and is inversely proportional to the original concen- 
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TABLE 6 


The amount of O, released from H,0; by the filtered lysate in the presence of 
different concentrations of H,O, 





SERIES 1 SERIES 2 | SERIES 3 


Buffer at pH = 8.0 9.0 ml. 9.0 ml. 
Filtrate of lysed culture 0.2 ml. | 
Initial concentration of 

H.Oy.. wend an 1 aoe 0.15% 
Per cent of the initial H,O, 

destroyed ...| 6.8% | 10.8% 27.8% 
H,O, destroyed in equiva- | 

lents : | 24.2x | 24.7x 


9.0 ml. 
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Fic. 6. Tae Errect or DirFeERENT CONCENTRATIONS OF KCN on CATALASE 
Activity or Lysep CELLS 

See table 7 for data. The right hand ordinates refer to curve D. A, in the 
presence of 0.1 per cent KCN. 8B, in presence of 0.2 per cent KCN. Curves A 
and B are completely superimposed. C, O, evolution in absence of KCN. D, 
Logio of rate of O, evolution showing unimolecular nature of the reaction. 


tration of hydrogen peroxide up to 0.4 M. He expressed the 
reaction constant as, 


: 1 y, 
K = | log 7 —>: 
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where x is the oxygen liberated in time ¢t, A is the total amount 
of O, liberated when the reaction has ceased and not the total 
amount of oxygen available in the peroxide, and K is the inactiva- 
tion constant of the enzyme. 


TABLE 7 


The amount of O, released from H,O, by the filtered lysate in the presence of 
different concentrations of KCN 


MANOM- MANOM- MANOM- 
ETER | ETER 2 ETER 3 


Buffer at pH = 8.1 3 9 mi. 9 mi. 


Filtrate lysate : 0.2 ml. 0.2 ml. 


RATE OF THE RE- | LOGw OF RATE OF 

LEASE OF O; PER RELEASE OF ©» BY 

MINUTE OF THE THE CONTROL CUL- 

1 per cent KCN at CONTROL CULTURE TURE IN MANOM- 
pH = 8.1. IN MANOMETER 3 ETER 3 


Broth. 1.0 ml. 


2 per cent KCN at 
pH = 8.1. 1.0 ml. 


Final Concentration of 
KCN 0.2 per cent 0.1 per cent 


Time O: released in cubic millimeters 


minutes 
22. 
46.2 
65. 
$1.8 
94. 





9. ; 105. 
10. 9. 114. 
ll. 121. 
12. ; 125. 
13.2 : 133. 


11 13. 14. 137. 

12 14. 14. 140. 

13 15. 15. 143. ; ' 

14 15.8 16. 145. : 0.30 


This interpretation is essentially that described by the present 
authors, and it is significant in showing that preparations of 
catalase, more or less free from intimate combination with cellular 
structures, are in a very labile condition and do not give a typical 
reversible enzymatic catalysis. 
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Experiment 5 

Figure 1 indicates that lysed cells are able to free oxygen from 
the hydrogen peroxide at a low but constant rate in the presence 
of cyanide. This is not due to any reaction of the medium since 
control broth showed no perceptible catalytic activity (table 1) 
and it must be due to some cyanide-stable component of the lysed 
culture. In order to show that this activity was not due to a 
partial recovery from the effects of the cyanide, such as may 
result from the cyanide distilling into the alkali contained in the 
inset of the reaction vessel, experiment 5 was arranged as indi- 
cated in table 7. The pH was buffered near 8.0 as in the pre- 
vious experiments to lessen the tendency of the hydro-cyanic 
gas to escape. The data presented in table 7 and figure 6 show 
that the two concentrations of cyanide gave identical results. If 
there had been a recovery due to cyanide distillation, the solution 
containing the most cyanide would have lagged behind the others. 


SUMMARY 


1. Cultures of Staphylococcus aureus lysed by lacteriophage 
exhibit no utilization of oxygen. 

2. Lysis by bacteriophage does not destroy the catalase activity 
of this organism. 

3. The catalase present in the filtrate of lysed cells is in a very 
labile condition, and it appears to destroy hydrogen peroxide 
by an irreversible stoichimetrical reaction. 

4. This catalase reaction is inhibited by cyanide. 

5. The destruction of hydrogen peroxide proceeds in accordance 
with the equation for a unimolecular reaction and the reaction 
constant is that of the rate of inactivation of the enzyme, and not 
that of the disappearance of the substrate. 

6. The similarity of the present results with those obtained 
by Northrop on liver preparations shows that when catalase is 
more or less freed from intimate association with cellular struc- 
tures it is unable to enter reversibly into the catalyzed reaction. 
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A MODIFIED FERMENTATION TUBE 


PHILIP B. COWLES 
Department of Immunology, Yale University School of Medicine 
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The drawing reproduced below depicts the essential features of 
a type of fermentation tube designed to replace for some purposes 
the usual form in which an inverted vial collects the gas evolved. 
In so far as the writer is aware, tubes designed after the principle 
involved in this one have not hitherto been described; certainly 
they are not in common use, simple though they be. 
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The tube shown is made of Pyrex glass tubing of 6 mm. outside 
diameter, 1 mm. wall thickness, and the dimensions are such as 
to fit a standard 100 ml. water sample bottle or a 25 mm. culture 
tube. Of course, within limits, any size of glass tubing can be 
used and the dimensions varied to suit the individual case. 

The essential features are obvious. Both ends are open, the 
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upper end must extend some distance above the upper bend, and 
it is best that the lower end terminate above the lower bend. 

The great advantage of this tube is that it fills when dropped 
into liquid, or, if in an empty vessel, fills when fluid is poured in. 
When once filled, both arms of the inverted ‘‘U”’ serve as traps 
for any gas evolved. 

Tubes of this sort would seem to offer advantages for certain 
phases of public health bacteriology. Although both dehydrated 
and very concentrated media have been found to change in 
sterilization, lactose broth of seven times normal strength can 
be placed in a sample bottle together with a tube. With 
such a culture system the volume of the bottle need be little 
larger than that of the water sample, and there is no danger of 
admitting air to the gas tube either through tipping or drying. 
It would seem feasible, particularly where some time must 
elapse before samples can reach the laboratory, to utilize this 
time for growth and gas production. 

It is not infrequently desired to run a fermentation or two 
with some carbohydrate which is not at the moment ready for 
use. If some tubes of the kind described are sterilized separately 
and kept on hand, it is a matter of minutes only to prepare the 
carbohydrate solution, filter to sterilize, add the desired amount 
to the nutrient base, inoculate, and drop in the sterile fermenta- 
tion tube: no time need be wasted in autoclaving. The same 
procedure could be used when autoclaving was contraindicated 
because of possible damage to the carbohydrate. 
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PRECIPITATES IN THE NEW STANDARD 
Acar. G. J. Hucker, Division of 
Bacteriology, New York State Ex- 
periment Station, Geneva, New 
York. 


Tue Use oF QuINHYDRONE ELECTRODE 
FOR CORRELATING Finat H-Ion 
CONCENTRATION AND PIGMENTATION 
oF ACTINOMYCETES GROWING ON 
Acar. Jean E. Conn, Division of 
Bacteriology, New York State Agri- 
cultural Experiment Station, 
Geneva, New York. 

In a study of the pigmentation of 
Actinomycetes, the need arose for a 
method of determining the final H-ion 
concentration of cultures growing on 
agar. The quinhydrone electrode was 
found to be suitable for this purpose 
when the agar was handled as follows. 
The slanted column of agar was forced 
out of the test-tube by heating the 
base. Then, after macerating with 
quinhydrone, the mixture was placed 
in a section of a drinking straw and 
affixed to the electrode by means of a 
paper-fastener. The final H-ion con- 
centration could then be determined 
in the usual way. 

This method was used for four species 
of pigmented Actinomyces which were 
grown on a glycerol-asparagin medium 
to which amounts of glucose varying 
from 0.1 to 5.0 per cent had been added. 
They were selected because they 


showed marked changes in the color 
of their pigments. The results indi- 
cated complete agreement between 
these color changes and changes in 
final H-ion concentration. It would 
appear, therefore, that the pigments 
of these cultures act as indicators, 
changing respectively from blue to 
red, violet to red, bright red to pink, 
and black to light brown, as the acidity 
of the medium increases. 


Tue Errecr oF SULFANILAMIDE AND 
OF SULFAPYRIDINE ON Toxic Sus- 
STANCES FROM LysED PNEUMO- 
cocci, Type I. C. M. Carpenter, 
G. M. Barbour and Helen Ackerman, 
University of Rochester, Rochester, 
New York. 


MICROBIOLOGICAL FLORA oF PuLP, 
PareR AND Papersoarp. J. R. 
Sanborn and Raphael A. Gillotte, 
Division of Bacteriology, New York 
State Agricultural Experiment Sta- 
tion, Geneva, New York. 

The micro-organisms, are 
present in pulp, paper and paperboard, 
have their origin in the water supplies, 
and the pulpwood and other raw mate- 
rials that are employed in the process 
of manufacturing. Organisms, 
may be transferred directly from the 
growths of capsulated, gum-producing 
forms which previously have become 
established in mill pipe-lines and on 


which 


also, 
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equipment. The various groups of 
the predominating species encountered 
have been isolated, cultivated and 
identified. These belonged to the 
genera, Bacillus, Aerobacter, Proteus, 
Pseudomonas, Alcaligenes, Micrococcus, 
Sarcina, Actinomyces. The fungi 
which occurred most frequently were 
members of the genera, Aspergillus, 
Penicillium, Trichoderma, Alternaria, 
Oidium, Botrytis, Cladosporium, Fusa- 
rium, Chaelomium. 

Pulp, paper and paperboard are 
subjected during manufacture to physi- 
cal and chemical treatments which 
usually eliminate all but the more 
resistant forms. 

About 90 per cent of the organisms 
isolated from finished paperboard are 
aerobic, spore-forming bacilli and 
micrococei. The remaining types are 


sarcinae, actinomyces, non-spore form- 
ing rods and filamentous fungi. A 
variety of fungi develop in pulp mills, 
but these types occur infrequently in 
finished paper and paperboard. A few 


persistent mold-spores may survive. 


MorPHOLOGY AND GROWTH OF THER- 
MOPHILES DURING FERMENTATION OF 
CetituLose. T.S. Polansky and R. 
W. Stone, Division of Bacteriology, 
Pennsylvania State College, State 
College, Pennsylvania. 

Three types of thermophilic organ- 
isms were isolated from horse manure 
by means of enrichment cultures in 
deep tubes incubated at 60°C. The 
first type produced an odor of hydrogen 
sulfide, the second a yellow pigment, 
and the third no pigment. The or- 
ganisms were differentiated by their 
action on filter paper and by the 
products formed. 

Morphology was studied by making 
gram stains and Fulton-Schaeffer spore 
stains daily. Young cultures were 
gram-positive. Older cultures gradu- 
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ally became gram-negative with the 
appearance of terminal spores that 
resembled large cocci and coccoid 
forms. At certain stages of growth 
the stains showed what appeared to 
be mixed cultures of large gram-posi- 
tive rods, smaller gram-negative rods 
and coccoid forms. However, heating 
the cultures at 100°C. for one-half 
hour did not alter their morphological 
characteristics upon subsequent culti- 
vation. All were motile and had 
peritrichous flagella. 

An organic source of nitrogen such 
as peptone was found necessary for the 
decomposition of cellulose. Small 
amounts of Fe** and Sn** had a stim- 
ulatory effect. 


RESISTANCE TO BacTERIAL WILT OF 
Maize AND THE GENETIC Hosr- 
Parasite Revationsuip. R. Lin- 
coln, Department of Plant Pathol- 
ogy, College of Agriculture, Cornell 
University, Ithaca, New York. 


Biack-RoT OF BARBAREA VULGARIS 
AND Irs RELATION TO THE BLACK-ROT 
or Capspace. W. H. Burkholder, 
Department of Plant Pathology, 
College of Agriculture, Cornell Uni- 
versity, Ithaca, New York. 


THE ISOLATION OF ACTINOMYCES MURIS 
FROM A CASE OF Rat-Bite FEver. 
Alice D. Leahy and Fred S. Gachet, 
Departments of Bacteriology and 
Pediatrics, University of Rochester 
School of Medicine and Dentistry, 
and Strong Memorial Hospital, 
Rochester, New York. 

A 14-year-old boy was admitted on 
September 2, 1939 to the Rochester 
Municipal Hospital with a history of 
a rat bite six days previously. 
Twenty-four hours before admission, 
headache, malaise, nausea, and vomit- 
ing had developed. Physical examina- 
tion on admission revealed a tempera- 
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ture of 39.7°C. and numerous discrete 
maculo-papular spots, about 2 mm. in 
diameter, scattered over the extremi- 
ties. The exanthem, where it occurred, 
resembled that of rubella. In the 
absence of a local lesion, a tentative 
diagnosis of Haverhill fever was made. 

A filamentous, gram-negative or- 
ganism, which grew in broth cultures 
but not in poured plates, was isolated 
from six blood cultures taken at three- 
day intervals. Upon subculture, it 
grew abundantly in ascitic fluid broth, 
but not in plain Douglas’s broth. 
Growth on rabbit’s blood, “‘chocolate’’, 
Levinthal’s and Bradford’s plates was 
slight. The organism was non-motile 
and non-acid-fast. 

Intra-abdominal inoculation of white 
mice gave the results recorded below. 
Five-tenths ml. of the patient’s blood 
produced no disease in nine days, and 
the organism was not recovered at 
autopsy. One ml. of an ascitic-fluid 
broth culture produced arthritis on 
the seventh day and death on the 
thirteenth. The organism was re- 
covered from the synovial fluid and 
heart’s blood, and injected into a series 
of mice. All died in from 24 to 48 
hours. Cultures from the peritoneal 
cavity, liver, spleen, and heart’s blood 
were positive. Morphologically and 
culturally, the organism appeared 
similar to, if not identical with, Acti- 
nomyces muris. Its isolation from the 
patient’s blood in repeated cultures, 
therefore, confirmed the clinical diag- 
nosis. 


REVIEW OF THE WORK OF THE INTER- 
NATIONAL COMMITTEE ON NOMEN- 
CLATURE, THIRD INTERNATIONAL 
ConGrRess FOR MICROBIOLOGY. 
Robert S. Breed, Division of Bac- 
teriology, New York State Agricul- 
tural Experiment Station, Geneva, 
New York. 
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THe ANTIGENIC RELATIONSHIP OF 
SHIGELLA ALKALESCENS TO OTHER 
Agrosic, GRAM-NEGATIVE Bac- 
TERIA. Erwin WNeter, Children’s 
Hospital and University of Buffalo, 
Buffalo, New York. 

After 33 strains of Shigella alka- 
lescens (Andrewes) had been identified 
as Type I of de Assis by their uniform 
biochemical reactions and antigenic 
homogeneity, the antigenic relation- 
ship of Shigelia alkalescens to other 
aerobic, gram-negative bacteria was 
studied. The macroscopic agglutina- 
tion and agglutinin-absorption tech- 
niques were employed with an 
anti-Shigella-alkalescens rabbit serum 
of high titer (1:10,000) as the immune 
serum and the respective organisms in 
formalinized suspensions as the anti- 
gens. The agglutination tests were 
read after 18 hours incubation at 55°C. 

The results follow: 1) No agglutina- 
tion: Aerobacter aerogenes, 10 strains; 
Proteus vulgaris, 2 strains; 
morgant, 5 strains of Type I and 4 
strains of Type XIV; Pseudomonas 
aeruginosa, 2 strains; and Eberthella 
oedematiens Assis, 1 strain. 2) Posi- 
tive agglutination in high titer 
(1:10,000): 2 of 5 strains of Eberthella 
belfastiensis (Escherichia anaerogenes, 
as described by Bamforth) and 1 of 9 
strains of Escherichia coli (atypical 
strain resembling Escherichia coli- 
mutabile). 

When agglutinin-absorption tests 
were carried out, the two strains of 
Eberthella belfastiensis resulted in but 
slight reduction in the titer of agglu- 
tinins for Shigella alkalescens whereas 
the atypical Escherichia coli antigen 
almost completely removed the anti- 
Shigella-alkalescens agglutinins. 


Proteus 


oF BACTERIAL AND 
POLYSACCHARIDES 
N. J. Ash- 


THe INFLUENCE 
Non-BacTERIAL 
UPON BACTERIOPHAGY. 
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enburg, L. A. Sandholzer and H. W. 
Scherp, Department of Bacteriology, 
University of Rochester, Rochester, 
New York. 


Tue Use or Spores as ANTIGENIC 
MATERIAL IN THE SEROLOGICAL DiF- 
FERENTIATION OF SPECIES WITHIN 
THE Genus Bacitius. Carl Lam- 
anna, Department of Dairy Indus- 
try, College of Agriculture, Cornell 
University, Ithaca, New York. 

An attempt has been made to develop 
a serological method for differentiating 
groups or species within the genus 
Bacillus. 

The antigenic material was limited 
to spores only, in the hope that they 
would exhibit high concentrations of 
group or species-specific antigen. The 
results which indicate that spores are 
antigenically distinct from vegetative 
cells, are in accord with past findings. 
Furthermore, spores of different species 
differ antigenically. Insome instances 
this finding has taxonomic value, as 


evidenced by the high correlation of 
morphological and physiological data 
with the serological data. 

An agglutination test which involved 
shaking and the use of a concentrated 
spore-suspension proved most practi- 


cable. Spores were injected intra- 
venously into rabbits to obtain anti- 
body. 

Three serological groups were found 
in the small-celled species: 

1) Bacillus subtilis Group. Species: 
Bacillus subtilis—equatorial germina- 
tion; nitrates reduced; glucose, su- 
crose, starch attacked; growth at 55°C., 
no growth at 15° and 10°C. 

2) Bacillus mesentericus Group. Spe- 
cies: a) Bacillus vulgatus—equatorial 
germination with splitting along trans- 
verse axis; nitrates reduced; glucose, 
sucrose, starch attacked; growth at 
50° and 15°C., no growth at 55° and 
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10°C.  b) Bacillus mesentericus— 
germination by comma-shaped expan- 
sion; nitrates not reduced; glucose, 
sucrose fermented; starch not at- 
tacked; growth at 50° and 15°C., no 
growth at 55° and 10°C. 

3) Bacillus agri Group. Species: 
Bacillus agri—polar germination; ni- 
trates not reduced; glucose, sucrose, 
starch not attacked; growth at 55°C., 
no growth at 10° and 15°C, 


Tse Errecr or TEMPERATURE ON 
REsULTs SECURED WITH Some Mopi- 
FICATIONS OF THE VOGES-PROSKAUER 
Test. S. Snieszko and J. Skorka, 
Jagellonian University, Krakow, Po- 
land. 

Forty-six strains of Escherichia coli 
and Aerobacter aerogenes were isolated 
from milk and water. For enrichment 
purposes, milk was inoculated into 
broth containing 0.5 per cent glucose, 
0.5 per cent K,HPO,, 0.5 peptone 
(Clark broth). Cultures were then 
isolated at 37°C. Those from water 
were isolated both at 28°C. and at 
37°C. When isolated and identified, 
each strain was inoculated into ten 
test-tubes, containing Clark-broth; 
five of which were incubated at 
28-29°C. and the other five at 36-37°C. 

Beginning 24 hours after inoculation, 
one test tube of each strain at each of 
these incubation temperatures was 
tested with Baritt’s and O’Meara’s 
modifications of the Voges-Proskauer 
test. Methyl red and Koser’s sodium 
citrate agar tests were also made. 

It was found that Aerobacter aero- 
genes could be more easily isolated 
from water at 28°C. than at 37°C. 
Complete agreement with results se- 
cured by Vaughn, Mitchell and Levine* 
was noted. An incubation tempera- 
ture of 28-29°C. was much more favor- 


* J. Bact., 36, 313-314, 1938. 
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able than 37°C. for detecting differ- 
ences between Escherichia coli and 
The Barrit test 
proved better and quicker than any 
other test used. 


Aerobacter aerogenes. 


BACTERIAL GROWTH IN MILK AS A 
PossiBLeE Source oF ERROR IN THE 
PuHospuHatase Test. Harold W 
Leahy, Leslie A. Sandholzer, 
Marian R. Woodside, Rochester 
Health Bureau De- 
partment of Bacteriology, School of 
Medicine and Dentistry, University 
of Rochester, Rochester, New York. 
Twenty-eight 


and 


Laboratories, 


strains of bacteria, 
the following genera, 
Lactobacillus, Streptococcus, Staphylo- 
coccus, Sal- 


monella, Pseudomo- 


belonging to 


Escherichia, Aerobacter, 

Klebsiella, and 
nas, have been tested for their ability 
to produce phosphatase when grown 
in milk. One strain of Staphylococcus, 


five strains of Aerobacter, and three 
strains of Klebsiella produced a phos- 
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phatase which showed slight activity 
at pH 9.0. Seven additional 
of various genera (Lactobacillus, Strep- 


strains 


tococcus, Escherichia, Salmonella, 
Aerobacter, and Pseudomonas) gave a 
false phosphatase reaction, when Folin- 
Ciocalteu’s reagent was employed. 

A comparison of Folin-Ciocalteu’s 
reagent with the phenol reagent of 
Gibbs demonstrated the superiority of 
the latter. Folin-Ciocalteu’s reagent 
gave rise to as strong colors with ke- 
tones, hydroxy-ketones, indol deriva- 
tives, oxygenated purine derivatives, 
amino acids, and several inorganic ions 
as with phenol. It is suggested that 
the false phosphatase reactions ob- 
tained with the Kay-Graham method 
are due to the hydrolysis of the bac- 
terial nucleic 
Phosphatase tests made upon milks 
having microscopic counts higher than 
8,000,000 per ml., or standard plate 
counts higher than 2,000,000 per ml., 
should be interpreted with caution. 


acids to oxypurines. 
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Professional Directory 
Society of American 
Bacteriologists 


HE Council of the Society has au- 

thorized the establishment of a direc- 
tory where those who desire to fill vacancies 
may secure a selected list of: applicants. 
This list is composed of teachers of 
bacteriology, technicians in laboratories, 
applicants for fellowships and scholar- 
ships in bacteriology, serology, immunol- 
ogy, and research workers in medical 
or agricultural bacteriology. Employers 
may receive information regarding ap- 
plicants without charge. Information 
regarding vacancies should be filed upon 
a blank which has been prepared to 
secure uniform information regarding a 
particular vacancy. 

Apply for application blanks at the 
following address: F. M. MEADER, 
M.D., Detroit Department of Health, 
Detroit, Mich. 








Employment Agency 
Society of American 
Bacteriologists 


HE Council of the Society has au- 

thorized the establishment of an em- 
ployment agency. Bacteriologists and 
technicians may learn of positions by 
making application to the address below. 
Applicants for positions if not members 
of the Society will agree to send to the 
agency 5% of their salary for the first 
three months. If the applicant is a 
member of the Society he will agree to 
send only 3% of his salary for the first 
three months. 

All funds accruing to the Society in 
excess of necessary and actual expenses, 
after being audited by the Society will 
be transferred to the treasurer of the 
Society for the improvement and en- 
largement of its Journal, support of its 
research fellowship, collection of cultures 
of bacteria, etc. 

Send for application blanks to F. M. 
Meaper, M.D., Detroit Department of 
Health, Detroit, Mich. 
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JOURNAL OF BACTERIOLOGY 


Manuscripts for the JouRNAL of BACTERIOLOGY should be sent to Prof. C.-E. A. Winslow, Yale 
Medical School, New Haven, Conn. Manuscripts for BacTrERIoLoGicaL Reviews should be sent to 
Prof. Barnett Cohen, Johns Hopkins Medical School, 710 N. Washington Street, Baltimore, Md. 

Twenty-five reprints, without covers, of articles will be furnished gratis to contributors when ordered 
in advance. A table showing cost of additional reprints, with an order slip, is sent with proof. 
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consin, Madison, Wisconsin. All other subscriptions should be sent to the publishers. 

Claims for copies lost in the mails must be received within 30 days (90 days, foreign) of the date of 
issue. Changes of address must be received at least two weeks in advance of issue. 

New subscriptions and renewals are entered to begin with the first issue of the current volume. Should 
any issue of the current volume be out of print at the time the subscription order is received, the pro- 
rata value of such numbers will be credited to the next volume, and the renewal invoice therefor ad- 
justed accordingly. 

Subscriptions should be renewed promptly—To avoid a break in your series, subscriptions should be 
renewed promptly. The publishers cannot guarantee to supply back issues on related renewals. 
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Canada: Bailliére, Tindall & Cox, 8 Henrietta 
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Road, Shanghai, China. 
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GENERAL CULTURE MEDIA 
FOR PATHOGENIC BACTERIA 














Bacto-Tryptose Agar 


for use in isolation and differentiation of strains of 
Brucella and has been employed with uniform success 
for cultivation of many other types of organisms. Bac- 
to-Tryptose Agar may be used without further enrich- | 
ment for propagation of the streptococci, pneumococci 
and meningococci. 


| 

| is an excellent general culture medium for many patho- 
genic bacteria. This medium was originally developed 

| 

| 

| 

| 

\) 
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Bacto-Tryptose Agar 


is prepared for use by dissolving the powder in water 

and sterilizing the resultant solution. No adjustment 

of its reaction or filtration of the solution is necessary. 

After the usual autoclave sterilization the medium will | 

have a reaction of pH 6.9, a reaction which is well 

suited to the growth requirements of many pathogenic 

bacteria. 
| 
| 











Bacto-Tryptose Phosphate Broth 


supports luxuriant growth of hemolytic and viridans | 
types of streptococci and pneumococci. When pre- 
| pared for use it is an excellent liquid medium for propa- 
| gation of organisms invading the blood stream. 











Specify “DIFCO” 
THE TRADE NAME OF THE PIONEERS 
In the Research and Development of Bacto-Peptone and Dehydrated Culture Media 


DIFCO LABORATORIES 


INCORPORATED i 
DETROIT, MICHIGAN 
































